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ABSTRACT 
The reactions of some reagents containing fluorine, with a range of 
platinum and iridium complexes are described. These reactions were monitored 
by variable-temperature 19F and 31 P nuclear magnetic resonance spectroscopy. 
Initial parts of the work are concerned with the reactions of AsF 3 with 
PtHX(PEt3)2 (X = Cl, Br or I). Several species were observed during the course 
of the reactions, the most interesting of which was a novel AsF 2 bridged 
binuclear platinum species. All products were characterised using multinuclear 
NMR. Suggestions for possible mechanisms are also given. 
The second main area of study was the reactions of some 
difluorophosphinepseudohalides with various platinum metal complexes. The 
reaction of PF 2X (X = NCO, NCS) with a range of iridium and platinum 
cations, anions and neutral complexes are described. 
In addition, the reaction of these fluorine-containing reagents with some 





This project is based on previous work involving the reaction of various 
fluorine containing reagents such as BF 3 , NF 3 , NF2C1, SF 4 , PF3 , XeF2 and 
PF2X with a range of transition metal complexes' -6 . 
Initial work involves the reactions of AsF 3 with various platinum 
complexes. Very little research has previously been done with AsF 3 . In this 
project its reactions with a range of platinum (0) and (II) complexes have 
been studied and their products characterised by NMR spectroscopy. 
The second part of this project is concerned with the reactions of largely 
unstudied fluorophosphine pseudohalides with platinum and iridium 
complexes. 
2 
1.2 Oxidative addition 
In transition metal chemistry an oxidative addition 7 reaction may occur 
with coordinatively unsaturated complexes, such as square planar platinum 














Platinum 11(d 8 ) 
	
Platinum IV (d 6 ) 
16 electron (valence shell e) 	- 
	
18 electron 
Several factors can affect the ease of reaction. Higher oxidation states 
are generally more stable for third row transition metals than for second row. 
An important exception to this is, however, the case of Pt (11) and Pt (IV), 
with Pt (IV) complexes undergoing reductive elimination processes at 
moderate temperatures. Also, the more basic (electron rich) the ligands, the 
more readily the complex will be oxidised. Finally, the size of the ligands will 
have an influence with bulky ligands, such as PPh 3 , decreasing the ease of 
reaction (due to steric hindrance). 
Planar, d 8 , complexes may react with both polar and non-polar 
compounds, but five co-ordinate d 8 complexes, being coordinatively saturated 
with tngonal bipyramidal geometry, will add only polar or electrophilic 
molecules such as hydrogen halides and perfluoroalkyl iodides 9 . 
'I 
Oxidative addition to planar d 8 complexes would appear to be a one step 
process and reversible. However, addition to five-coordinate d 8 complexes 
takes place in two separate steps with the second, involving the loss of a 
neutral ligand, being irreversible. This results in the displacement of one 
ligand for another. 
+ A—B - 
IL 	+ - 
M 
A 	 A 
--->—M— or M- 
B 
IL 





Prior dissociation of a ligand, from a five-coordinate complex, is also 
possible. This can be induced by irradiation or heating and results in a more 
reactive four-coordinate complex. 
An example of this is the hydrogenation of alkenes catalysed by 
Fe(CO)5 above 1800C which is thought to proceed through the following 




1800 C I  Fe(CO)5 
CH-CH 











UI 3(CH2)WCH=CH.(CH2)vCOOCH 3 monoenes 
UI 3-(CH2)16-COOCH3 hydrogenated alkene 
The homogeneous catalysis by Fe(CO)5  could be explianed by the formation 
of H2Fe(CO)4, which is a strong reducing agent. This could occur either by 
direct reaction or via the diene-iron tricarbonyl complex i.e. 
Fe(CO)5 + H2 	H2Fe(CO)4 + CO 
2(I) 	+ 2H2 	2 monoene + H2Fe(CO)4 + 2C0 + Fe 
When considering oxidative addition to square planar, d 8 complexes, 
there is the possibility of cis or trans addition. Which isomer or isomers 
formed as products will depend on the kinetics of the reaction and which are 
more thermodynamically favoured under the conditions used. This may be 
5 
influenced by factors such as temperature, solvents, ligands, pressure etc. A 
further complication arises in that isomerisation of the initial product may 
occur soon after the oxidative addition reaction. Oxidative addition of a 
species such as HX is usually cis but addition of CH 3 I is more commonly 
trans 8,11,12 
PPh3 








PPh 3 	 CH3 




Many organic reactions involve unsaturated d 8 complexes as 
homogeneous catalysts, with oxidative addition processes playing an integral 
part in the mechanism, e.g. dimerisation of olefins and the hydrogenation of 
alkenes 13,  for which RhX(PPh 3 )3 is used (X = halide). 
Ph 3PX 	Solvent 
Ph 3 P 	PPh3 
Ph3 P 
Rh 	+ PPh 3 
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Ph 3 P 	X 
Rh 	+ RCH 2-CH3 
Ph 3 P 
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LiArsenic trifluoride 
Arsenic trifluoride' 9 ' 33  has a thgonal pyramidal geometry in the gas 
phase with an F-As-F angle of about 98 0. This structure persists in the solid 
state. AsF3 has a boiling point of 62.80C (compared to -101.8°C for PF 3 ). 
A5F3 is extremely toxic, arising from its reactivity towards transition 
metals such as iron in haemoglobin. It combines with haemoglobin in the 
blood to form a complex in much the same manner as does carbon monoxide. 
AsF 3  can be readily prepared by the reaction of HF on the oxide, M 203 . 
Direct fluorination results in MF5 being formed. 
All the trihalides of arsenic are poor electron donors but they do have 
very good acceptor properties especially towards halide ions and amines. 
They are rapidly hydrolysed by water. All the gaseous trihalides have 
pyramidal structures. AsBr 3 and As13  are crystalline at normal temperatures. 
Arsenic trifluonde reacts with alcohols (particularly in the presence of 
bases) and with sodium alkoxide to give arsenite esters, As(OR) 3 . 
AsF3 + 3PhOH --------------- > As(OPh) 3 + 3HF 
Halide esters can also be prepared, 
AsF3 + 2NaOEt ------ 	> (EtO) 2AsF + 2NaF 
1.4....Fluorophosphines as ligands 
PF3  and CO have very similar synergic bonding characteristics. Both 
have vacant it-type orbitals suitable for accepting electrons from a metal and 
both have a lone pair available for donation to a metal. Much of the initial 
work with PF3 was done because of this similarity 14,15 
The it acceptor properties of a phosphine depend upon the 
electronegativity of its substituent groups. More electronegative groups result 
in a greater it acceptor capability which consequently leads to a shorter, 
stronger metal-phosphme bonds. A study 16  of the relative it acceptor strengths 
of various ligands has shown PF 3 to be a stronger it accepting ligand than 
C017. This conclusion was reached by studying differences in the metal-
ligand force constants and stretching frequencies of Mo(PF 3 )3 (CO) 3 and 
Mo(CO) 6 18 . 
In the context of platinum chemistry it appears that fluorophosphines 
result in more stable complexes than would be the case for CO groups. 
Relatively few carbonyl complexes exist for platinum and those that do tend 
to be thermally unstable 19  An example is that of Pt(CO) 4 , which can only be 
observed at very low temperatures, but analogous fluorophosphine complexes 
are more thermally stable. Indeed, one of the methods used to prepare PF 3 
complexes is to induce thermally the displacement of carbonyl groups by 
325 
1.5 Previous related work 
Initially only binuclear complexes containing two bridging ligands 
were known. There are many examples of these complexes e.g.. 
L 	X 	X 
Pt 	Pt 
V ' V 
X 	X 	L 
X = anionic ligand, such as Cl 
L = phosphine; PEt 3 , PPh3 
In 1974, the first singly- b r ido5A binuclear platinum complexes were 
reported20 . 
Cl 	Cl 	2- [ 	Cl 	Cl 
I I I I I 
Cl - Pt - SMe2 —Pt - Cl I Cl—Pt— SMe 2 — Pt—SMe2 
I 	 I 	 I 	I 	 I 




Me 2S— Pt— SMe2—Pt--SMe2 
Cl 	Cl 
Many other examples have been reported since, including 
monobridging phosphine binuclear platinum complexes 24 . Many novel 
monobridged binuclear platinum complexes have come from work carried out 
in this department. 
10 
J. M. Edward 2 ' reacted H2 PSiH3 with PtHCI(PEt 3 )2 and synthesised as 
one of the products, 
[ 	PEtS 	PEt3  1 + 
I I I 	I 
	
H—Pt—PH 2 —Pt—H1 	Cl- 
L 	PEt3 	PEt3 j 
This species was readily identified from its 31P{ 1 H} nmr spectrum. 
The unique bridging phosphorus appeared as a pseudo quintet of intensity 
1:8:18:8:1. This arises from the probability of the phosphorus coupling to 
either none, one or two spin 1/2 195 Pt nuclei within the binuclear platinum 
species. The coupling within the quintet was identical to that of the PEt 3 
doublet resonance, i.e. 
Ebsworth22' 24  prepared a series of monobridged platinum dimers of 
the form [{PtX(PEt 3 )2 } 2PH 2]Y (X = H, Y = Cl or Br; and X = Y = Cl or 
Br) by reaction of PtHX(PEt 3 )2  with SiMe3 (PH 2). This gave the complex 
PtH(PH2 )(PEt3)2 as a product which reacted further, with PtHX(PEt3)2 ,to 
form the PH2 bridged binuclear platinum complex. 
PC 	Pa 	+ 




X- Pt- P'H2—Pt—X 
I 	 I 
X Pd 
cis-trans species 	 neutral species 
(also trans-trans isomer, 
but not cis-cis ) 
11 
These complexes contain a relatively stable PH2 bridging group. It is 
suggested that this PH2 group has a greater trans-influence than PEt3 in these 
complexes. This conclusion arises from the low values for I Jppc and a lower 
Pt - H stretching frequency; 2030 cm - ' instead of the 2120 cm-' found in 
[PtH(PEt3)3]. A consequence of the high trans influence of the PH2 group is 
the weakening of the Pt - Pc bond and this explains the equilibrium which 
exists between the cis-trans and the neutral species. 
Other complexes with SH, SeH and fluorophosphine bridging groups 
have also been synthesised in this department 23 . 
+ 
PEt3 	 PEt3 	+ 	 PEt3 	PEt3 
I I I I 
H - Pt—EH + EtOH— Pt— H BF 4 - -----> H— Pt—EH--Pt—H 	BF4 
I 	 I 	 I 	I 
PEt3 PEt3 PEt3 PEt3 
E=S,Se 
Efforts to perform oxidative addition reactions on these complexes 
resulted in cleavage of the EH bridge. 
12 
Reaction of difluorophosphine with platinum (II) bisphosphine 
complexes yields five-coordinate species, e.g.. 
PEt 3 	 PEt 3 
PF 2H + H—Pt-- Cl ----------> 
	
H— Pt—Cl 
PEt 3 	 PEt3 	PF2 H 
or four-coordinate species when the Pt species contains bulky phosphine 
groups. 
PCy3 	 PCy 3 
HPF 2S + H—Pt—CI 
	
> H—Pt----PF2 S + HC1 
PCy3 	 PCy 3 
Fluorophosphine complexes of compounds of the platinum metals have 
been the subject of reviews by Nixon and Swain'26' 27 
13 
1.6 Nuclear Magnetic Resonance Spectroscopy 
In this project extensive use has been made of NMR spectroscopy. 
Although the NMR phenomenon was discovered in 1946 28 , it was not until 
some four years later that the real discovery was made - that the resonant 
frequency of nuclei were very much dependent on the chemical environment 
of the nuclei within the molecule. The technique was first applied to alcohols 
by J. T. Arnold29 , who observed different spectral lines for chemically 
different nuclei within the same molecule. 
These spectral lines, appearing at different frequencies, arise from 
variations in electron density around the nuclei in a molecule which result in 
small local magnetic fields when an external magnetic field, B 0 , is applied. 
As these local magnetic fields work against B 0 , this means that each nucleus 
is partially shielded from B0 . The nuclei therefore require a slightly higher 
value of B0 to achieve resonance. The degree of shielding can be expressed 
as a constant, d , or screening constant, such that; 
Bloc  =B0(1 --) 
effective (actual) 	external magnetic 
magnetic field field 
14 
The screening constant, 6, is independent of B0 , but highly dependent 
upon chemical structure. Variations in nuclear shielding can be caused by: 
changes in local electron density (electronegative 
substituents). 
special shielding effects from certain groups such as 
benzene rings. 
The molecules being studied in this project are ideally suited for NMR 
- containing both phosphorus and fluorine nuclei, both of which are spin - 1/2 
and 100% abundant. In addition to these, there are protons present as hydrides 
in some platinum complexes. Platinum itself has a spin - 1/2 isotope - 195 
which is 33.7% abundant, and consequently 195 Pt satellites are observed. 
These are approximately a quarter of the size of the 100% centre resonances, 
giving rise to distinctive 1:4:1 pseudo triplet patterns. 
The main spin - 1/2 nuclei studied in this work are fluorine - 19 and 
phosphorus - 3130. Fluorine - 19 has a chemical shift range of about 900 ppm, 
relative to the reference standard, CC1 3 F. Chemical shift values are dependent 
on a wide range of factors such as electronegativity, oxidation state of 
neighbouring group and stereochemistry 31 . For example, the 19F chemical 
shifts for XeF 2 and XeF4 differ by some 180 ppm. Fluorines bonded directly 
to a metal have characteristically low frequency chemical shifts, typically 
between -300 and -400 ppm. The study of 19F NMR is therefore useful for 
monitoring reactions and identifying changes in structure. 
15 
Phosphorus - 31 chemical shifts cover, mainly, a smaller range (500 
ppm), but extreme chemical shift values can be very low (460 ppm for P4 - 
relative to the standard of 85% H3 PO 4) or high (+1364 ppm for t-
BuP{Cr(CO)5 12) 
Binuclear platinum complexes are readily identified by the doubling of 
intensities in the satellites (if the molecule is symmetrically bridged) or by the 
presence of two sets of 195  Pt satellites (if the molecule is asymmetrical). 
A great deal of information may be gleaned from the size of platinum - 
phosphorus coupling constants. In a square-planar Pt (II) complex the value 
of 'Jpp is typically greater than 2000 Hz and is larger when P is trans to a 
halogen (3000 Hz), than when P is trans to another P (typically - 2500 Hz). 
If the platinum is six-coordinate Pt (IV), then the value of 'Jpp usually falls to 
less than 1700 Hz. This can be rationalised by considering what factors 
contribute to the size of 'Jpp.  When two spin - 1/2 nuclei are directly bonded 
there are three types of interactions to consider; spin-spin coupling, spin-orbit 
coupling and Fermi contact coupling 32 . While the first two can have a 
significant effect on 1 Jpp, it is Fermi contact coupling which makes the 
greatest contribution to its size. 
The extent of Fermi contact interaction is determined by the first 
excitation energy of the bond (P - Pt) and upon the s electron density at the 
two nuclei. The excitation energy of the electrons in the Pt - P bond remains 
largely unchanged on going from Pt (II) to Pt (IV), as does the s electron 
density at the phosphorus nuclei. However, on going from Pt (II) to Pt (IV), 
16 
there is a change in the relative s electron contribution to the platinum-
phosphorus bond. The difference this makes to Up tp  can be worked out by 
considering hybrid orbitals. 
The hybrid orbitals for square-planar Pt (H) and octahedral Pt (IV), are 
dsp2 and d 2sp3 respectively3 3 .Therefore the hybrid orbitals for Pt (II) square-
planar are 25% (or 1/4) s character and those of Pt (IV) octahedral are 16.7% 
(or 1/6) s character. This means that in an octahedral complex the one-bond 
Pt - P coupling constant will be approximately 4/6 = 67% of that in a square-
planar complex. 
As well as structure and oxidation states, the trans- influence of 
ligands can have a marked effect on NMR parameters 34. A ligand with a high 
trans-influence will cause a strongly deshielding effect on a ligand trans to it. 
This results in it resonating at a higher frequency in the magnetic field than 
would otherwise have been expected. The effect is also dependent upon the 
sensitivity of the trans ligand with protons being the most sensitive and the 
most affected. 
As well as the chemical shift, one-bond coupling constants are also 
affected. Allen and Sze 35 have compiled a trans-influence series; 
Ph >> PEt3 > PMe 2Ph> PPh3 > CN > NCO > Cl- , Br, 1-
(order of increasing Pt - P coupling constant, 
where P is trans to this ligand) 
17 
This series represents the decreasing tendency for these ligands to 
concentrate Pt (6s) character into their bonds with Pt (H), therefore increasing 
the Pt (6s) character of the Pt-P bond. 
An inverse correlation between 1 Jpp and Pt - P bond lengths in PEt 3 
and PBu3 complexes of Pt (II)/(IV) has been shown by Pidcock and Mather 36 . 
(il- 
	 ci 	 PEW 
Cl—Pt— PaEt3 
	
Cl Pt— PaEt3 
	Cl— Pt PaEt3 






increasing (Pt-Pa) bond length 
	
WE 
It is suggested that the decreasing lJpp for PEt 3 trans to Cl is due 
primarily to steric distortions. 
Couplings over two bonds can also give valuable structural 
information. As two bond couplings are transmitted via electrons in bonds, 
ligands (or nuclei) which are trans tend to couple significantly more strongly 
than ligands which are cis, as they share more common s, p and d orbitals. 
Typically 2J  (cis) will be <40 Hz, but 2J  (trans) will be> 150 Hz. 
Three bond couplings are less straightforward depending mainly upon 
the dihedral angle over the three bonds. 
II 
In the NMR experiment, a radio frequency pulse is applied to the 
sample and information about the relaxation of the nuclei back to equilibrium 
is collected as an FID (free Induction ecay) on a computer. This is done 
repeatedly to increase the signal to noise ratio. The total FID is then 
transformed to give the NMR spectrum. 
Different experimental techniques in NMR can be used to obtain 
additional information about the systems being studied. One used extensively 
in this project was that of broad band proton decoupling. This involved the 
high power irradiation over a broad band of frequencies (noise decoupling), 
which results in a very much simplified spectrum that does not show any 
coupling to protons. Manipulations of the FID can also reveal extra 
information. The technique of line narrowing can be very useful in resolving 
small coupling constants. It essentially involves mathematically amplifying 
the last part of the FID before it is transformed. This is the part of the FID 
which contains the high-resolution detail of the NMR spectrum. There is, 
however, a limit to how much line narrowing that can be done as the 
manipulation will amplify the noise as well as the signal. There will come a 
point when any signal will effectively be drowned out by the noise. 
ILI 
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CHAPTER 2 
REACTION OF AsF3 WITH PtHX(PEt) 2 
X = Cl, Br, I 
23 
2.1 Introduction 
The idea behind this work was to try and synthesize an AsF 2 bridged 
complex similar to some PF 2  bridged complexes previously characterised by 
John Whitelock using PF 2C1'. In this work a range of fluorophosphine reagents 
were reacted with various platinum (H) complexes. 
For example, PtHC1(PEt3)2 and PF2CI reacted to form a highly novel 
complex containing a PF2 bridge. 
Et3P 	PF2 	PEt3 
N11 	11-11 
Pt Pt 
Cl 	PEt3 Cl 	Cl 
In this complex, the bridging phosphorus has a chemical shift of +211 ppm, 
whilst the phosphorus nuclei in the phosphine groups have chemical shifts of 
about +17ppm. 
2.2 Reaction of AsFwith PtHX(PEt 2 : X = Cl, Br or I 
Initial parts of this work, involving the analysis and partial characterisation 
of the bridged complex, were carried out as part of my Honours year Project.  
These reactions were repeated in the course of the Ph.D. with mistakes which 
were apparent being corrected. In addition, a more in-depth analysis of all the 
products formed in these reactions is discussed here. 
24 
In many of these reactions one of the products resulting from the 
reductive elimination processes was hydrogen fluoride. Because of this, it was 
necessary to add a two-fold excess of caesium fluoride to all of the sample 
tubes. The caesium fluoride acts as a "mopping-up" agent to prevent HF from 
reacting with any of the other products formed in the course of the reaction. 
It combines with HF to form Cs HF2 . 
The reaction of equimolar amounts of AsF 3 and PtHC1(PEt3)2 was 
monitored by ' 9F nmr at 240 K. The ' 917 {'11} NMR spectrum (fig.l) showed 
several species to be present, the most interesting having a chemical shift of 
-80.lppm. On expansion (fig.2) this group of resonances showed a quintet 
with two sets of "Pt satellites. These had "'Pt - ' 9F couplings of 101 Hz and 
232 Hz, with a finer pF "quintet" splitting of 10 Hz (the same as that found 
in the central resonance). The presence of two Pt - F couplings suggests that 
the species is an asymmetrically bridged binuclear complex. The nature of the 
bridge is indicated by the 31P( 'H} NMR spectrum (fig.3) which shows two 
triplet resonances at +20.1 ppm and +21.2 ppm which appear to contain the 
same 31pF This is the result of fluorine coupling to two pairs of phosphorus 
nuclei in two distinct chemical environments.The species appears as a quintet 
in the fluorine NMR because the two 3 JPF values associated with the two pairs 
of chemically distinct phosphines are indistinguishable. 
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FIGURE 3 31 P{'H} NMR spectrum for PtHCI(PEt 3) 2 I AsF I CsF in CD2C12 
210 K 
W. 
Therefore, so far we have the following structure; 
PEt3 	AsF2 	PEt3 
Pt 	 Pt v  
X 	PEt3 PEt3 	Y 
As the bridging arsenic does not have any lone electron pairs, we can 
assume it to have a tetrahedral environment, making the bridge bent. 
This leaves only X and Y to be identified. A proton coupled ' 917 spectrum 
(fig.4) showed an additional doublet coupling to be present, indicating the 
presence of a single hydride ligand. This was confirmed by a proton spectrum 
(fig.5), recorded at 240 K, which showed a triplet resonance at -10.5 ppm ('pH 
= 14 Hz), corresponding to a metal-bound hydride coupling to two 31 P nuclei. 
Thedentification of the other ligand, however, is not as straightforward 7 4+64 
there isn1y one thing it could be - the original halide present on the 
platinum starting material. All other possibilities can be readily discounted. A 
fluoride ligand would have been observed in the ' 9F spectrum (at very low 
chemical shift) and coupling to it would have been observed in the other 
spectra. The asymmetric nature of the bridged complex means that it cannot 
be a hydride. There is no direct way of confirming the presence of this halide, 
but it can be inferred. If similar species with similar splitting patterns can be 
observed with analogous platinum halo complexes, then they should all have 
slightly different NMR parameters. Indeed, this is the case. 
In the corresponding reaction of AsF3 with PtHBr(PEt3)2 a similar species 
is observed as a quintet in the fluorine NMR spectrum (fig.6), with a 
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FIGURE 5 Part of 'H NMR spectrum for PtHC1(PEt 3)2 I AsF3 / CsF in CD2C12 
220 K 
31 
chemical shift of -78.6 ppm and as two triplet resonances in the phosphorus 
NMR spectrum, at + 16.7 ppm (3JPF = 9 Hz) and +21.2 ppm (3JPF = 9 Hz). For 
the analogous PtHI(PEt3) 2  reaction a quintet resonance is observed at -77.2 
ppm in the fluorine NMR spectrum with two triplet resonances observed in the 
phosphorus NMR spectrum at ± 11.7 ppm (3JPF = 10 Hz) and +21.0 ppm (3JPF 
= 10 Hz). 
This leads us to the structure, 
PaEt3 	AsF2 	PbEti + 
N Pt 	 Pt 	 X=CI,Brorl 
/ 
H 	PaEt3 PbEt3 	X 
(I) 
The overall charge of the species works out to be + 1. There are a number 
of possible counter anions such as X, or another species formed during the 
course of the reaction. 
Details of the NMR parameters are given in table 2.1. 
From this table it is apparent that the hydride ligand is associated with the 
a 
phosphines. It should also be noted that although only one 3pF  is observed 
in each case, this is only the result of the limitations of the experiment. It is 
unlikely that they are exactly the same, and only appear to be identical 
because of the limited resolution of the NMR spectra. 
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The second species observed in the ' 9F{ 'H} NMR spectrum of the reaction 
of AsF3 with PtHC1(PEt3)2 (fig.1), appears as a triplet (fig.7), with a pF = 18 
Hz at -114.6 ppm. A similar 3 JPF is observed in a triplet at 8 = +23.5 ppm, in 
the 31 P nmr spectrum. This species only appears above 240 K. This 
corresponds to two phosphorus nuclei (two phosphine groups) coupling to two 
fluorine nuclei (an AsF 2 group). The magnitude of 'J (2668 Hz), is 
indicative of a platinum complex with square-planar geometry. Only one set 
of 195Pt satellites is distinguishable. The phosphorus nuclei are observed as 
being equivalent in the ' 9F{ 'H } NMR, making them trans in the complex. 






There is no evidence that X is a proton either from the proton coupled ' 9F 
or 31 P NMR or indeed from the 'H NMR itself. We therefore have a similar 
situation to that in the bridged binuclear complex, where X is the halide 
present in the platinum starting material. This leaves the complex with no 
overall charge. Again, similar complexes are observed for the analogous Br 
and I reactions, but these products have slightly different NMR parameters. In 
the analogous PtHBr(PEt 3)2 reaction a triplet is observed at -114.6 ppm in the 
' 9F { '} NMR spectrum and a triplet is observed at +19.1 ppm in the 3 1p{ '} 
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Table 2.1 31 P and' 9F NMR Data for PaEt3 	PbEt3 	+ 
I 	 I 
HPt—AsF2------Pt--_ X 
PaEt3 	PbEt3 
X CI Br I 
Ippm +21 .24  +21 .2# +21 .00  
öP,, /ppm +20.1 +16.7 +11.7 
JPUa /Hz 2409 2412 2409 
1JPtPb /Hz 2256 2266 2245 
3j,., /HZ 
 10* 9* 10* 
3JPbF /Hz 10* 
9* 10* 
2J 	/Hz 102,232 97,233 85, 225 
oF Ippm -80.1 -78.6 -77.2 
# From the consistency of these values, it is apparent that the hydride ligand 
is associated with the P,, phosphine groups. 
* The two 3j PF values, which are in principle different from one another, 
cannot be distinguished. There is therefore an uncertainty of 1 - 2 Hz in the 
individual values. 
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FIGURE 7 Part of ' 9F{'HJ NMR spectrum showing terminal AsF 2 species 
240 K 
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NMR spectrum. Both of these triplets have the same 3j PF (18.5 Hz). In the 
PtHI(PEt3)2 reaction a triplet is observed at -108.6 ppm in the ' 9F{'H} NMR 
spectrum and at + 15.6 ppm in the 31 P{ 'H} NMR spectrum, again both 
containing the same 3pF  (19 Hz). The products, having slightly different NMR 
parameters, confirm the presence of a halide ligand. All of the NMR 
parameters for these complexes are detailed in table 2.2. 
The third resonance in the ' 9F NMR spectrum of the reaction products of 
PtHC1(PEt3) 2 and AsF3 is another triplet, at -149.3 ppm. This has a relatively 
large 3j PF of 31 Hz. The corresponding resonance in the 31 P( 'H} NMR 
spectrum is a doublet at +18.1 ppm with 'J,, = 2602 Hz, again indicative of 
a square-planar environment around the platinum centre. 
This means we have two trans phosphine groups (as before), but just one 




( III  ) 
As yet it has not been possible to determine X or Y. Proton coupled 
spectra do not appear to show any additional coupling, but any proton 
coupling (for X at least) might be quite small and perhaps hard to detect. If 
Y were a hydride a relatively large 2FH  (10 - 80 Hz) would be apparent. 
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Table 2.2 '9F and 31P NMR Data for 	 PEt3 
X—_Pt--AsF2 
PEt3 
X Cl' Br' I 
8P /PPM +23.5 +19.1 +15.6 
OF Ippm -114.6 -111.9 -108.6 
3JPF/HZ 18 18.5 19 
2J/Hz 132 137 130 
'J, /Hz 2668 2666 2643 
* These complexes are stable at room temperature. The iodide complex 
decomposes at about 280 K. 
A similar species is observed at-158.2 ppm in the ' 9F{ 1 H} NMR spectrum 
for the analogous reaction of PtHBr(PEt 3)2 and AsF3, confirming the presence 
of at least one halide (Cl or Br) in the complex. Interestingly, no analogous 
species is observed in the PtHI(PEt 3) 2 reaction. Details of the NMR parameters 
for this complex are given in table 2.3. 
Some attempt can, however, be made to suggest probable complexes, 
given the spectroscopic evidence. 
For species (II), it is observed that on moving to heavier halides, the 
chemical shift of the phosphine groups moves to lower frequency (table 2.2). 
This is due to chlorine having a greater electron withdrawing effect than 
iodine, therefore deshielding the phosphorus more than iodine would. This 
general trend is also apparent for this AsFY complex, and whilst not 
conclusive proof that X is a halide, it strongly suggests that it is. 
An interesting feature of this species is the single fluorine on the arsenic 
ligand, something quite different from the other products in these reactions. 
This raises the question of whether the fluorine was lost from the AsF 3 before 
reacting with the platinum complex, or this species results from a subsequent 
reaction of one of the other products, eg. species ( II  ). 
It is perhaps possible that Y could be nothing or oxygen, 
-I. 
PEt3 	+ 	 PEt3 
I 	F 
X— Pt - AsF 	 X- Pt - As 
PEt3 	 PEt3 
Both of these possibilities are, however, unlikely as they do not explain 
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Table 2.3 ' 9F and EMP NMR Data for 	 PEt3 
X— Pt—AsFY 
PEt3 
X Cl Br I' 
oP /ppm +18.1(d) +14.6(d) - 
OF /ppm -149.3(t) -158.2(t) - 
3JPF/HZ 31 31 - 
2J/Hz 181 181 - 
'J, /Hz 2602 2581 - 
* No analogous species observed with PtHI(PEt 3)2 reaction. 
riD 
the relatively large difference in the fluorine chemical shift between the 
chloride and bromide complexes. Also, 	Seoc spces 	 eo.. ror corrtçk NmestJ. 
Another possiblity for the nature of Y is provided by some work carried 
out by Pilkington3 ' 4 ' 5 , involving the reaction of fr(CO)Cl(PEt 3)2(PF2) with 
various reagents such as hydrogen halides, fluorophosphines and dihalides. 
During the course of this work he characterised several complexes including 
b(CO)C12(PEt3)2(PF2) and fr(CO)Cl2(PEt3 )2(PFC1). He observed that the 
fluorine chemical shift oç the three-coordinate fluorophosphine group 
decreased significantly (from 8 = -68.3 ppm to -106.1 ppm) on replacing one 
of the fluorides for the heavier chloride. A similar trend is apparent for species 
(II) and (III), where the chemical shift of the fluorine on the arsenic group 
decreases on going from M-AsF 2 (species II) (M = PtX(PEt3) 2) to species (III) 
M-AsFY (X = Cl) (see below) and again between the two species (III) 
complexes where X = Cl and X = Br, although in this case there is the 
question - to what extent does the changing metal-bound halide contribute to 
the difference in the fluorine chemical shift? Looking at the fluorine chemical 
shifts of the terminal AsF 2 complexes (table 2.2) the answer is not by much. 
On moving from X = Cl to X = I the fluorine chemical shift only changes by 
some 6 ppm and it has an opposite effect to the one observed. 
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PEt3 	 SF/ppm 
Cl - Pt—AsF2 	 -114.6 
PEt 
PEt3 
? Cl— Pt—AsFC1 	 -149.3 
PEt3 
PEt3 
? Br— Pt - AsFBr 	 -158.2 
PEt3 
When the reaction was repeated with a PtHC1(PEt 3)2 to AsF3 ratio of 2:1, a 
new resonance appeared in the ' 9F{ 'H} NMR spectrum. This resonance at - 
72.9 ppm was of very low intensity, but was clearly identifiable as a doublet 
of triplets, (3JPF = 11, 38 Hz), with two sets of 
195pt  satellites (2J PIF = 181, 293 
Hz), suggesting the presence of one unique and two equivalent phosphorus 
nuclei in an asymmetrically bridged binuclear complex, similar to species (I). 
Therefore, we have the possible structure; 
PEt3 	PEt3 
I 	 I 
Y— Pt— AsF2—Pt-------X 
Z 	PEt3 
(IV) 
X, Y, Z unknown 
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No deeper investigation into this complex has been possible, because of 
its very weak signal. However, similar species, with similar splitting patterns, 
appear to be present in the analogous bromide (F = -69.0 ppm) and iodide 
(-70.0 ppm) reactions, although many of the coupling constants remain 
unresolved. 
2.3 Discussion 
At very low temperatures (195 K) in the PtHC1(PEt 3)2 reaction, when the 
CD2C12 solvent has just melted, the bridged species (I) is observed 
immediately in the ' 917 NMR spectrum, along with two very small resonances 
at -87 and -90 ppm. These resonances disappear as soon as the tube is warmed 
any further above the melting point of the solvent. These species could 
perhaps be precursors to the bridged complex, but it has not been possible to 
identify them as they are only observed when the solvent is partially solid, 
which is not conducive to observing fine structural detail in NMR spectra. 
In these reactions, the AsF2 bridged complex (species I) is stable over 
quite a large temperature range (190 K up to 270 K), but does not exist at 
room temperature. As the temperature increases the relative amount of the 
bridged species decreases until at normal temperatures the only species present 
in abundance is species II, the terminal AsF 2 complex. The AsFY complex, 
when observed, has a low concentration. 
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If we assume the first stage of reaction involves the oxidative addition of 
AsF3 to PtHX(PEt3)2 this leads to a six-coordinate complex containing metal-
bound fluoride and an AsF2 group. However, at no point was any such 
species detected in the ' 9F NMR spectrum. It is possible though that this 
species might undergo a rapid reductive elimination reaction to give trans-
PtX(PEt3 )2(AsF2). This provides a route leading to the formation of species II. 
PEt3 




> H - Pt —AsF2 
c1 -__ I 
PEt3 
-HF 	 PEt 
> Cl—Pt--AsF 2 
Et3P 
The HF liberated is prevented from further reaction by the presence of 
CsF, with which it combines to form CsHF 2 . 
Species II could then react with the starting material, releasing X to give 
the bridged complex, although it is difficult to see where the driving force for 
this reaction lies. 
PEt3 	 PEt3 	 PEt3 	PEt3 	+ 
I I I I 
X - Pt —AsF, + H— Pt - X -----> H - Pt— AsF 2 - Pt - X + X 
I 	 I 	 I 	 I 
PEt3 PEt3 PEt3 PEt3 
MA 
At higher temperatures the bridged complex appears to decompose back 
to the terminal AsF2 species. 
It might be possible to observe some of the low-temperature intermediate 
complexes by monitoring the NMR of these reactions using a solvent with a 
lower melting point. 
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CHAPTER 3 
Reaction of some platinum complexes 
with PF2NCO and PF2NCS 
3.1 Introduction 
The work in this chapter describes the reaction of a series of platinum 
(II) complexes with some difluorophosphinepseudohalide reagents. These 
pseudohalides, NCO and NCS, are known to have similar stabilising 
properties to the halide ions. 
The reactions of difluorophosphine halides with a series of Platinum 
metals complexes have been studied by J. D. Whitelock N. McManus2  and 
P. G. Page3 . 
Whitelock' has synthesised a range of PF 2 bridged binuclear platinum 
complexes from t-PtHX(PEt 3)2 and PF2X (X = Cl, Br or I). 
PEt3 	 PEt3 	PEt 3 
I 	 I 	 I 
H- Pt - Cl + 	PF2X ----------> X— Pt - PF, - Ft —X 
I 	 I 	 I 
PEt3 PEt3 X 
(X = Cl, Br or I) 
Whitelock proposed possible mechanisms which might explain the 
formation of the bridged complex. He postulated that the first step involved 
the oxidative addition of PF 2X to the platinum starting material. 
PEt3 	 PEt3 
I PF2X 	H., I 	X 
H - Pt - Cl ----------> Pt 






The resulting complex could then reductively eliminate HX to give a 
four coordinate terminal PF 2 complex which would be very reactive towards 
other platinum species and this may have provided a route to bridge formation. 
This complex, however, was not observed during the course of the reaction. 
It may be perhaps a transient species because of its extremely reactive nature. 
Species which are observed are PtH 2X2(PEt3)21  which is the result of 
HX reacting with PtHX(PEt 3)2 and PtX(PF2H)(PEt3)21  which may either be 
formed by reaction of HX with a terminal PF 2 group on a species such as 
PtX(PF2)(PEt3 ) 21  or by exchange of halogen for a hydride in a PF 2X complex. 
Reaction of the two observed intermediates may also lead to the bridged 
complex. 
PEt3 + 	PEt3 	 PEt3 	PEt3 
Fl,, 	I I-I I 
X - Pt - PF2X + 	-- 	> X— Pt - PF2 - Pt -A 
I 	x1 Ix I 	I 
PEt3 PEt3 	 PEt3 X 
+ HPEt3 " 
In some closely related work Page 3,6  attempted to react PF 2C1 with 
PtHX(PCy 3)21  (X = Cl, Br, I). This reaction, however, produced no platinum 
species containing a fluorophosphine group. The difluoro-phosphinehalide 
decomposed to form a yellow-orange precipitate which was assigned the 
formula (PF2). A similar precipitate was observed when the reaction of 
PtHX(PCy 3)2 with HPF2 was carried out. 
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3.2 Reaction of 	 with PFL 
(X = Cl. Br or I: Y = NCO or NCS) 
3.2.1 Reaction of PtIPEçPr1N  with PF2NCO 
The reaction of PtI 3PEt3 'Pr4N and PF2NCO was monitored by ' 9F{ 'H } 
NMR at 220 K. At this temperature all of the difluorophosphinepseudohalide 
had been consumed and only one fluorine species was observed. This species, 
at -38.6 ppm, appeared as a wide doublet ('JPF = 1201 Hz) of very fine 
doublets (3JPF 3 Hz) with one set of "'Pt satellites (2J,F = 657 Hz). 
The 3 'P{ 'H} NMR spectrum (fig.8) showed two main resonances, the 
first being in the triethyiphosphine chemical shift range at +23.4 ppm observed 
as a doublet, with a splitting of 11.5 Hz and one set of "'Pt satellites ('J 
2901 Hz). The other resonance, at +68.7 ppm, is within the area of the 
phosphorus spectrum characteristic of fluorophosphine groups. This resonance 
appears as a wide triplet (with the same FF  as observed in the doublet in the 
' 9F NMR spectrum) of finer doublets with a splitting of 11.5 Hz, as observed 
in the phosphine doublet resonance. One set of 195Pt satellites can also be 
observed ('J = 6301 Hz). 
These large one-bond phosphorus-platinum coupling constants are 
indicative of platinum in a square-planar environment. 
The magnitude of 2jPP (11.5 Hz) suggests the relative geometry of the 
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FIGURE 8 31 P( 'H) NMR spectrum for PtI 3PEt3  nIPr4N  I PF.,NCO 
220 K 
52 
This leads to the following structure, 
PEt3 
X - Pt—P'F2Y 
) 
It is likely that the X ligands are the halides from the starting material 
and that Y is the pseudohalide. This can be confirmed by studying the 
products of similar reactions using different halides and pseudohalides. 
3.2.2 Reaction of PtBr.Pr 1N with PF2NCO 
Reaction of PtBr 3PEt3 Pr4N with PF2NCO at 220 K yielded a species 
showing a single resonance at ö = -38.3 ppm, in the ' 9F{ 'H} NMIR. This was 
a wide doublet ('PF = 1194 Hz) with one set of ' 95Pt satellites (2J = 725 Hz). 
It was not possible to resolve any finer couplings. The 31 P{ 'H) NMR spectrum 
showed two resonances. The first, at ö = +24.4 ppm, was a doublet ( 2J = 
14.5 Hz) with one set of 195Pt satellites ('J = 6654 Hz) contained in the 
range associated with PEt 3 resonances. The second resonance, at = +70.7 
ppm, within the part of the 31 P NMR spectrum characteristic of 
fluorophosphine resonances, was a wide triplet ('JPF = 1194 Hz) of doublets 
(2J = 14.5 Hz) with one set of 195Pt satellites ('J = 2938 Hz). 
We therefore have a square-planar platinum species similar to that 
observed in 3.2.1, but with slightly different NMR parameters. 
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3.2.3 Reaction of PtCliPr 4N with PF2NCO 
This reaction was monitored by ' 9F NMR at 220 K. One species was 
observed, a wide doublet ('JF = 1168 Hz) at 8 = -36.2 ppm with ' 95Pt 
satellites (2JPtF = 768 Hz). The 31 p{ 'H } NMR spectrum showed two resonances, 
a doublet at ö = +23.4 ppm ( 2J = 22 Hz) with ' 95Pt satellites ('J, = 2900 
Hz) and a wide triplet ('JFF = 1168 Hz) of doublets (2J = 22 Hz) with 195Pt 
satellites ('J = 6848 Hz) at 8 = +72.0 ppm. 
These observations suggest we have a square-planar platinum complex, 
as before, but with slightly different NMR parameters to the species present 
in the analogous I and Br reactions. 
3.2.4 Reaction of PtLPEL 	with PF2NCS 
Reaction occurred at 220 K to yield two species the first of which 
appearing as a wide doublet ('JVF = 1193 Hz) of doublets (3JPF = 2 Hz), with 
one set of 195Pt satellites (2JF = 648 Hz), at = -38.5 ppm, in the ' 9F{ 'H} 
NMR spectrum (fig.9) Two resonances for this species were observed in the 
31P{ 'H) NMR spectrum (fig.10), the first being a narrow doublet (2J = 10 
Hz) with "'Pt satellites (Jptp = 2902 Hz), at 8 = +23.5 ppm. The second, at 
= +62.1 ppm, was a triplet OPIF = 1193 Hz) of doublets (2J = 10 Hz) with 
' 95Pt satellites = 6268 Hz). 
We therefore have a square-planar platinum complex exhibiting the 
same NMR characteristics as the species observed in the analogous PF 2NCO 
reaction, but with slightly differing NMR parameters. This indicates that there 
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FIGURE 10 31 P{ 'H) NMR spectrum for PtI 3PEt3 11Pr4N / PF2NCS 
220 K 
The second species was observed as a wide doublet ('JPF = 1293 Hz) 
of doublets (3JPF = 3 Hz) with "'Pt satellites ('Jptp = 2773 Hz) to lower 
frequency in the ' 9F NMR spectrum. The 31 P NMR spectrum shows a quartet 
('JPF = 1322 Hz) of doublets (2JpF = 14 Hz) with ' 95Pt satellites ('J = 6977 
Hz). This appears to be a similar complex to the first one but this time 
containing a PF 3 group instead of PF2 NC 5. 
3.2.5 Reaction of PtBrEtPr 1N with PF2NCS 
Reaction occurred at 220 K to yield a species exhibiting a wide doublet 
('JF = 1186 Hz) with ' 95Pt satellites (2JPtF = 701 Hz) at 8 = -40.6 ppm in the 
' 9F{ 'H) NMR spectrum and two resonances in the 31 P{ 'H) NMR spectrum. 
These resonances were observed as a narrow doublet (2J = 12 Hz) at ö = 
+23.5 ppm with 195Pt satellites, and a wide triplet ('JPF = 1186 Hz) of finer 
doublets (2J. = 12 Hz) with 195Pt satellites ('J = 6706 Hz) at 8 = +64.0 
ppm. 
This gives us a similar species to those observed in the previous 
reactions but with NMR parameters which are all slightly different. 
A second species, observed in this reaction, exhibits a quartet in the 31 P 
NMR spectrum, in the region associated with fluorophosphine groups. This is 
a similar species to the PF 3 complex observed in 3.2.5 but with slightly 
differing NMR parameters, confirming the presence of at least one halide in 
the complex 
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3.2.6 Reaction of PtC1 çPr 1 N with PF2NCS 
Reaction occurred at 220 K to yield a species exhibiting a wide doublet 
( ' FF = 1176 Hz) with. ' 95Pt satellites (2JpF = 739 Hz) in the ' 9F{ 'H) NMR 
spectrum. Two resonances were observed in the 3 'P{ 'H) NMR spectrum, the 
first a doublet (2J. = 20 Hz) with ' 95Pt satellites ('J, = 2966 Hz) at 5 = 23.4 
ppm and the second a triplet ('JF = 1176 Hz) of doublets 
(2jPF=  20 Hz) with 
' 95Pt satellites ('J,, = 6698 Hz) at 8 = +64.9 ppm. 
We therefore have a species showing exactly similar NMR 
characteristics as observed in 3.2.1-5, but with slightly removed NMR 
parameters. 
As with the previous PF2NCS reactions, a second square-planar 
platinum species is observed, which exhibits a quartet in the 3 'P NMR 
spectrum. This complex has slightly different NMR parameters to the PF 3 
complexes observed in the analogous iodide and bromide reactions, thus 
confirming the presence of halides within the complex. 
M. 
3.2.7 Discussion 
Reaction of PtX3PEt3 'Pr4N (X = Cl, Br, I) with PF2NCO yielded three 
different species, each with slightly differing NMR parameters. When these 
metal complexes were reacted with a different fluorophosphinepseudohalide 
reagent, PF2NCS, three more new species were observed. These new species 
had the same splitting patterns as the species previously characterised in the 
PF2NCO reactions, but with different NMR parameters. Details of NMR 
parameters are given in tables 3.1 and 3.2. The NMR data indicate the 
products of these reactions to be of the form, 
PEt 3 
X— Pt— P'F2Y 
X 
There are several factors which suggest that the X ligands are halides 
and that the pseudohalide is the Y substituent on the fluorophosphine. Firstly, 
a trend in the one-bond fluorine-phosphorus coupling constant is apparent. As 
the halide becomes heavier (and less electronegative) so the value of 1JF 
increases. This is opposite to what would be expected if a halide was the Y 
substituent on the fluorophosphine group. 
Previous studies"' have shown the one-bond fluorine-phosphorus 
coupling constant, in fluorophosphine complexes such as PF 2Y, to be 
extremely sensitive to different Y substituents, depending on their 
electronegativity. The highest value for pF  is 1440 Hz for PF3. pF  decreases 
steadily, in PF2Y species, as the substituent, Y, becomes less electronegative. 
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e.g. for ff2X 
Y JPF Y JPF 
Cl 1390 Hz NCO 1361 Hz 
Br 1388 Hz NCS 1336 Hz 
1 1340 Hz CN 1273 Hz 
When the fluorophosphines become coordinated to transition metals, the 
trend in 1pF  continues but the magnitude of the coupling is lowered by 10 - 
150 Hz. 
In the complexes resulting from the reactions using different 
pseudohalides but the same halide, the one-bond fluorine-phosphorus coupling 
constant is usually less for the NCS cases than for the more electronegative 
NCO ones. This suggests that the substituent present on the fluorophosphine 
group is the pseudohalide. 
This confirms the structure, 
PEt3 
X - Pt - PF2Y 	X = Cl, Br or I 
X 	 Y= NCO, NCS 
ZE 
This is the major species observed in all of the reactions. Other 
complexes result from the reaction of some PF 3 with the metal complexes. 
These are similar complexes, containing a PF 3 group instead of PF 2Y. They 
are readily identified from their 31P NMR, by the presence of a wide quartet 
in the fluorophosphine region (at about -70 ppm). The coupling within 
these quartets is significantly larger ('pF = 1290-1350 Hz) compared to the 
triplets resulting from the coordinated difluorophosphinepseudohalides ( 'JPF = 
1170-1200 Hz). Details of the NMR parameters for these PF 3 complexes are 
given in table 3.3. 
No other species were observed in the course of the reaction, as it was 
monitored from quite low temperatures (190 K) up to normal temperatures, 
thus no intermediate transition species were observed. All the metal starting 
material was consumed by the time the temperature had risen a few degrees 
above the melting point of the solvent. 
The fact that the fluorophosphinepseudohalide group is intact in the 
final product suggests the mechanism proceeds via a simple substitution 
reaction, with a five-coordinate PF 2(NCO or NCS) adduct as an intermediate. 
There is certainly no evidence that any oxidative addition reactions are taking 
place. 
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This gives us the following reaction scheme. 
PF2Y 	- 








x- pt— P?2Y 
x- 
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Table 3.1 ' 9F and 31 P NMR Data for 
	
Pt3 
X - Pt - P'F2NCO 
C 
X Cl Br I 
P' Ippm +72.0 +70.7 +68.7 
P Ippm +23.4 +24.4 +23.4 
'J,,/Hz 6848 6654 6301 
'J,II1z 2900 2938 2901 
'J/Hz 1168 1194 1201 
2J1,, /HZ 22 14.5 11.5 
2JNF 
/HZ 768 725 657 
3JPF /Hz nr nr 3 
F /ppm -36.2 -38.3 -38.6 
nr = not resolved 
NMR parameters at 220 K 
Sample tubes contained 0.1 mmol volatile reagent and 0.1 mmol metal 
substrate in CD2C12. 
Table 3.2 ' 9F and 31 P NMR Data for 	 PEt3 
X - Pt - P'F2NCS 
C 
X Cl Br I 
P' /ppm +64.9 +64.0 +62.1 
oP /ppm +23.4 +24.8 +23.5 
'J,,/Hz 6698 6706 6286 
'J. /Hz 2966 2968 2902 
'J1Hz 1176 1186 1193 
2J,fHz 20 12 10 
2jp,F /HZ 739 701 648 
3JPF /Hz nr nr 2 
OF /ppm -39.8 -40.6 -38.5 
nr = not resolved 
NMR parameters at 220 K 
Sample tubes contained 0.1 minol volatile reagent and 0.1 mmol metal 
substrate, in CDC'. 
M. 
Table 3.3 ' 9F and 31 P NMR Data for 	 PEt3 
X— Pt— VF3 
x 
X Cl Br I 
8P1 Ippm +72.1 +70.8 +67.3 
OP Ippm +25.2 +26.0 +23.1 
'J1,,IHz 7482 7391 6977 
'J,IHz 2820 2804 2773 
/Hz 1293 1323 1322 
2J,, /HZ 22 15 14 
2J 	/HZ 767 744 692 
3JPF /Hz nr nr 3 
OF /ppm -33.5 . - 	 -32.7 -31.3 
nr = not resolved 
NMR parameters at 220 K 
3.3 Reaction of PtHX(PEt) 2 with PFX 
(X = Cl. Br or I: Y = NCO or NCS' 
3.3.1 Reaction of PtHC1(PEt.l 2  with PF2NCO 
Two major species are observed in the ' 9F{ 'H) NMR spectrum (fig.1 1) 
at 220 K, both appearing as wide doublets of narrow triplets, each with one 
set of "'Pt satellites. Both of the doublet couplings for these species are 
consistent with them being pF  The first species, at 8 = -38.4 ppm (labelled 
A), has a doublet coupling of 1081 Hz and a narrow triplet coupling of 7 Hz 
(presumably 3JpF) with ' 95Pt satellites (2JptF  = 697 Hz). A corresponding species 
is observed in the 31 P{ 'H) NMR spectrum (fig. 12) as a wide triplet ( ' vF = 
1081 Hz) of narrow triplets (2J, = 27 Hz) with one set of "Pt satellites ('J 
= 6083 Hz) at 5 = +96.9 ppm and as a narrow doublet ( 2J,,. = 27 Hz) with 
one set of 195Pt satellites ('J p p = 2014 Hz) at 8 = +23.6 ppm. 
We therefore have two magnetically equivalent fluorine nuclei coupling 
to one unique phosphorus (over one bond) and two magnetically equivalent 
phosphorus nuclei (over three bonds). This leads to the structure, 
PEt3 
X— Pt— P7 2Y 
PEt3 
The second major species appearing at 5 = -13.5 ppm (labelled B), has 
a doublet coupling of 1166 Hz and a 3FF  coupling of 7 Hz with "Pt satellites 
(2jp,F = 1034 Hz). A corresponding species is observed, in the 31 P( 'H) NMR 
Me 
lppm75Hz 






FIGURE 12 31 P ('H } NMR spectrum for PtHC1(PEt 3 )2 / PF2NCO 
220 K 
L•I• 
spectrum, as a wide triplet OFF  =1164 Hz) of triplets (2J = 28 Hz) with ' 95Pt 
satellites and at ö = + 23.0 ppm, as a narrow doublet ( 2J. = 28 Hz) with ' 95Pt 
satellites ('Jptp = 2262 Hz). This gives a complex very similar in nature to the 
first species. When proton coupling was retained, no additional splitting was 
observed. 
Several other species were observed in the course of this reaction, but 
it was not possible to identify them, because of their weak signals. 
3.3.2 Reaction of PtHBr(PEt 2 with PF2NCO 
The ' 9F{ 'H) NMR spectrum shows two major species to be present, 
the first being a doublet ('JFF = 1088 Hz) with ' 95Pt satellites (2JF = 690 Hz) 
at 8 = -38.7 ppm. This species appears in the 31P{ 'H} NMR spectrum as a 
triplet ('JVF = 1088 Hz) of triplets (2J = 26 Hz) with ' 95Pt satellites ('J, = 
6180 Hz) at ö = +95.3 ppm, and as a doublet (2J = 26 Hz) with 195Pt 
satellites at 5= + 20.0 ppm. We therefore appear to have a similar species to 
the one observed at high frequency in the 31P NMR spectrum for the 
analogous chloride reaction, but with slightly differing NMR parameters, thus 
inferring the presence of at least one halogen in the complex. 
The second species appearing at 8 = - 14.7 ppm in the ' 9F{'H} NMR 
spectrum is observed as a wide doublet ('J,'F = 1176 Hz) of narrow triplets 
(3JF = 6.5 Hz) with 195Pt satellites (2jptF = 1008 Hz). This species is observed 
in the 31 P{ 'H} NMR spectrum as a triplet ('JFF = 1176 Hz) of triplets = 
27 Hz) with 195Pt satellites ('J, = 6120 Hz) at ö = +41.3 ppm and as a 
doublet (2J. = 27 Hz) with ' 95Pt satellites ('Jpp = 2208 Hz) at 8 = +20.3 ppm. 
Me 
This appears to be a complex very similar in nature to the one observed at 
low frequency in the 31 P NMR spectrum, at 8 = +40.2 ppm, for the analogous 
chloride reaction, but with slightly differing NMR parameters. 
3.3.3 Reaction of PtHI(PEt 2 with PF2NCO 
Two species are present in the 31 P( 'H) NMR spectrum at 220 K. Both 
contain fluorophosphine groups which appear as triplets of triplets, but with 
slightly different NMR parameters. The one with greater intensity, at = 
+88.6 ppm, has couplings of 1111 Hz ('JFF)  and 22 Hz (2J.). The PEt3  
resonance for this species is observed as a doublet ( 2J = 22 Hz) of triplets 
(3JPF = 10 Hz) with "'Pt satellites ('J ptp = 2098 Hz) at 8 = 5.7 ppm. 
The second fluorophosphine species observed in the 31 P{ 'H} NMR 
spectrum is only slightly removed at ö = 87.5 ppm. This appears as a triplet 
('JFF = 1118 Hz) of triplets ( 2J = 24 Hz) with ' 95Pt satellites. The 
corresponding !!Et3 resonance for this species is observed as a doublet ( 2J. 
= 24 Hz) with 195Pt satellites ('J ptp  = 1947 Hz) at 8 = +11.9 ppm. 
We therefore have two species very similar to those observed in the 
previous sections but with slightly differing NMR parameters. 
3.3.4 Reaction of PtHBr(PEt 2 with PF2NCS 
Reaction occurred at 220 K to yield just one species, observed as a 
wide doublet of triplets with one set of 195Pt satellites in the ' 9F{ 'H) NMR 
spectrum. The NMR parameters for this species were identical to the one 
observed at 8 = +41.3 ppm in the PtHBr(PEt 3)2IPF2NCO reaction. This 
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indicates that the pseudohalide is not present in this product. Also present was 
a large amount of PF 3 . 
3.3.5 Reaction of PtHI(PEt 2 with PF2NCS 
Reaction occurred at 220 K to yield a new species, observed as a wide 
doublet ('JFF = 1200 Hz) of narrow triplets (3vF = 7 Hz) with 195Pt satellites 
(2JptF =974 Hz), in the 19F{ 'H } NMR spectrum. This species appears in the 
31P{ 'H) NMR spectrum as a wide triplet OFF = 1200 Hz) of narrow triplets 
=26 Hz) with "'Pt satellites ('J,,. = 6091 Hz) at 6 = +42.4 ppm, and as 
a doublet (2J = 26 Hz) with ' 95Pt satellites ('J = 2202 Hz) at 6 = +15.6 
ppm. We therefore have a species which appears to be very similar to the one 
observed in 3.3.4 but with slightly different NMR parameters. 
No other species were observed in this reaction. 
3.3.6 Discussion 
The species containing the fluorophosphine observed at the lower 
frequency (around +41 ppm), in the 31P{ 'H] NMR spectrum, appears as a 
triplet of triplets with one set of "Pt satellites. This corresponds to 
phosphorus coupling to two magnetically equivalent phosphorus (two PEt 3 
groups) and two magnetically equivalent fluorine nuclei (the PF 2 group). 
Similar species all with slightly differing NMR parameters are observed from 
starting materials containing different halogens, confirming the presence of at 
71 
least one halogen in this complex. When the proton coupled spectra were 
recorded, no extra coupling to 'H was observed. This leads to the structure, 
PEt3 
X— Pt— P'F2Y 
PEt3 
The upward trend in pF  on moving from Cl to I is not consistent with 
Y being aha1ogen (see 3.2.7), which means that X must be a halide. 
The corresponding reaction of PtHBr(PEt 3)2 with PF2NCS yields an 
identical species. This indicates that there is no pseudohalide fragment present 
in this complex. 
We can, however, be certain that the fluorophosphine group is four-
coordinate, because of the magnitude of the one-bond fluorine-phosphorus 
coupling constant. For the phosphorus to be three-coordinate a 1VF  of about 
1350 Hz would be expected and not the 1160 to 1190 Hz observed in these 
complexes. Secondly, the chemical shift of the phosphorus on the 
fluorophosphine group is too low. The 31P chemical shift for a terminal PF, 
group would be expected at very high frequency (about +400 ppm) and not 
the +40.2 to +42.4 ppm exhibited by these complexes. 
One possibility for the nature of Y is that it is a chloride. This could 
have been picked up from the solvent (CD 2C12) or indeed by reaction with 
some HC1, which may have been present in one of the starting materials. 
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This would give a series of complexes of the form, 
PEt3 	 + 
X - Pt - PF2C1 	 X = Cl, Br, I 
PEt3 
This complex is consistent with the NMR spectral evidence. 
Support for the idea that Y is constant for each complex is provided by 
the fluorine chemical shift, which does not vary significantly between the three 
complexes. Details of NMR parameters for this species are given in table 3.4. 
The second species observed in these reactions contains a 
fluorophosphine group appearing at a much higher frequency (around +95 
ppm) in the 31 P NMR spectrum. This is also observed as a triplet of triplets. 
This corresponds to a resonance in the phosphine range of the 31 P{ 'HJ NMR 
spectrum, which appears as a doublet of triplets. This means we have 
phosphorus coupling to two magnetically equivalent phosphorus nuclei (two 
PEt3  groups) and two magnetically equivalent fluorine nuclei (the PF 2 group), 
as before. No extra couplings were observed when proton coupling was 
retained. 
These species are, however, only observed in the reaction of 
PtHX(PEt3)2 with PF2NCO and not with PF2NCS. Different species are 
observed when starting materials containing different halides are used, 
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confirming the presence of at least one halogen in the species. Unfortunately, 
because the corresponding species are not observed in the analogous PF 2NCS 
reactions it is not possible to determine whether the pseudohalide fragment is 
present. This could, however, provide the difference between the two major 
species observed in these reactions, as their NMR characteristics appear to be 
very similar. i.e. 
PEt3 
X - Pt - PF2Y 	X = Cl, Br; Y = NCO, C1.  
PEt3 
Details of the NMR parameters for these species are given in table 3.5. 
When the reaction of PtHC1(PEt 3)2 and PF2NCO was monitored at room 
temperature, a species which had identical NMR characteristics to that of the 
PF2 bridged species previously characterised by Whitelock (see 3.1) was 
observed. 
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Table 3.4 ' 9F and 31 P NMR Data for 	 PEt3 
X— Pt— P72Y 
PEt3 
X Cl Br I 
öP' /ppm +40.2 +41.3 +42.4 
oP Ippm +23.0 +20.3 +15.6 
1J./Hz 6095 6120 6091 
'J 	/Hz 2262 2208 2202 
JPTIHz 1166 1176 1200 
2J,. /HZ 28 27 26 
/Hz 1035 1008 974 
3JPF /Hz 6 6.5 7 
5F /PPM -13.4 -14.7 -14.5 	
11 
NMR parameters at 220 K 
Sample tubes contained 0.1 mmol volatile reagent and 0.1 mmol metal 
substrate, in CD 2C12 . 
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Table 3.5 ' 9F and 31 P NMR parameters for high frequency species 
in reaction of PtHX(PEt 2: X = Cl. Br I. with PF2NCO 
X Cl Br I (major) I (minor) 
P' /ppm +96.9 +95.3 +88.6 +87.5 
P /ppm +23.6 +20.0 +15.7 +11.9 
'J 1 , /Hz 6083 6180 nr nr 
'J 	/Hz 2014 1991 2098 1947 
Jp F /Hz 1081 1090 1111 1118 
2JN" /HZ 27.5 26 22 24 
2J 	/Hz 697 690 no no 
JPF1HZ 7 nr 10 nr 
IF Ippm -38.4 -38.7 no no 
NMR parameters recorded at 220 K 
no = not observed 
nr = not resolved 
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3.4 Reaction of PtX(PEt 3 BPh1 with PF2LL 
(X = H. Cl. Br or I: Y = NCO. NCS) 
3.4.1 Reaction of PtCl(PEtiBPh 1 with PF2NCO 
The reaction was monitored by ' 9F and 31P NMR spectroscopy at 220 
K. At this temperature only one fluorophosphine species was observed, 
appearing as a wide doublet ('JPF = 1107 Hz) of narrow triplets (3JPF = 8 Hz) 
with one set of "Pt satellites (2JPtF = 766 Hz) at 8 = -37.6 ppm, in the 
19F{'H} NMR spectrum. This species was observed in the 31 P{'H) NMR 
spectrum (fig.13), at ö = +95.4 ppm, as a wide triplet ('JFF = 1107 Hz) of 
doublets (71 Hz) of triplets (2J = 24.5 Hz) with 195Pt satellites ('J = 4816 
Hz) and at ö = +25.6 ppm, as a doublet ( 2J = 24.5 Hz) of narrow triplets 
(3JPF = 8 Hz) with 195Pt satellites = 2110 Hz - indicating a square-planar 
environment around the platinum). 
We therefore have two magnetically equivalent fluorine nuclei coupling 
to one unique (P') and two magnetically equivalent phosphorus nuclei (P). The 
magnitude of 2jPP,  (24.5 Hz) indicates that the fluorophosphine group and the 
PEt3 groups are mutually cis. There is, however, still the doublet coupling (71 
Hz) to account for. A doublet (71 Hz) with 195Pt satellites (JNF = 68 Hz) is 
also observed in the part of the spectrum normally associated with metal-
bound PEt3  groups. The size of the doublet coupling is consistent with it being 
but the magnitude of J pp,. is too small for it to be over either one or two 
bonds, i.e. there is a group containing phosphorus (perhaps a triethylphosphine 




X— Pt - P72YP"Z 
PEt3 	 -00 
lppm=81.OHz 	 r 
FIGURE 13 31 P( 'H} NMR spectrum for PtC1(PEt) 3 BPh 11 PF2NCO 
220 K 
Assimilating all of this information leads to the following complex. 
PEt3 
X - Pt - P'F2-Y-P"Z 
PEt3 
At this stage the nature of X and Y have not been determined. It is 
doubtful that Z is simply Et 3, as it unlikely that the resulting complex would 
be stable. In such a species it would be more likely for the PEt 3 group to pick 
up a proton and break away from the complex to form HPEt 3 . 
3.4.2 Reaction of PtBr(PEt3) 3141BPh 1 with PF2NCO 
Reaction occurred at 220 K to yield one species containing a 
fluorophosphine group. This species appeared as a wide doublet ('JVF = 1113 
Hz) of triplets (3JPF = 8 Hz) with 195Pt satellites (2JF = 764 Hz) at S = -37.6 
ppm in the ' 9F{'H} NIMR spectrum. It was observed in the 31 P{'H} NMR 
spectrum as a wide triplet ('JVF = 1113 Hz) of doublets (2J. = 70 Hz) of 
triplets (2J. = 23 Hz) with 195Pt satellites = 5832 Hz) at S = +92.6 ppm, 
and as a doublet ( 2J. = 23 Hz) of triplets (3JPF = 23 Hz) with 195Pt satellites 
('J = 2108 Hz) at S = +21.6 ppm. A further doublet (70 Hz) with 195Pt 
satellites (3J = 70 Hz) was observed at S = +28.3 ppm. 
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This appears to be a similar species to the one observed in the 
analogous chloride reaction, but with slightly differing NMR parameters, 
confirming the presence of at least one halide in the complex. 
3.4.3 Reaction of PtI(PEt BPh 1 with PF2NCO 
Reaction occurred at 220 K to yield one species containing a 
fluorophosphine group. This species was observed as a wide doublet ( 'JVF = 
1115 Hz) of triplets (3pF = 9 Hz) with ' 95Pt satellites (2JpF = 739 Hz), at 8 = - 
37.8 ppm, in the ' 9F( 1 H) NMR spectrum and in the 31 P{'H} NMR spectrum, 
at = +88.3 ppm, as a triplet ('F = 1115 Hz) of doublets (69 Hz) of triplets 
(2jPP. = 22 Hz) with 195Pt satellites ('J = 5631 Hz) and at 5 = +15.6 ppm, as 
a doublet (2J = 23 Hz) of triplets (3JPF = 9 Hz) with 195Pt satellites ('J 
2102 Hz) and again at = +27.8 ppm, as a doublet (67 Hz) with 195Pt 
satellites ( 3J 	= 69 Hz). , 
This is a similar species to those observed in the previous chloride and 
bromide reactions, but with slightly differing NMR parameters. 
3.4.4 Reaction of PtH(PEt1BPh, 1 with PF2NCO 
Reaction occurred at 220 K to yield several species. The first of these 
at = -42.0 ppm in the ' 9F{ 'H} NMR spectrum was observed as a wide 
doublet ('JPF = 1178 Hz) with 195Pt satellites (2JF = 361 Hz). These peaks 
were broad but a finer coupling could not be resolved. When proton coupling 












I ppm = 81.0 Hz 
FIGURE 14 31 P{ 'H} NMR spectrum for PtH(PEt 3 ) 3 BPh4 / PF2NCO 
220 K 
JI 
rest of the signals in this spectrum, however, were difficult to distinguish, due 
to considerable overlapping of the peaks. Only one pF  coupling could be 
identified, a doublet (1194 Hz) centred about 6 = -12.3 ppm. A corresponding 
was observed in the 31P{ 'H} NMR spectrum (fig.14) at 6 = +93.3 ppm, 
in what appeared to be a triplet ('JVF)  of triplets (70 Hz), although the signal 
was weak, making accurate analysis difficult. The PEt 3 part of this spectrum 
was made up of several broad peaks, including a complex multiplet, at 6 = - 
1.6 ppm, from which very little information could be gleaned. As the 
temperature was raised, the intensity of these signals diminished as the amount 
of PF3 present increased. 
3.4.5 Reaction of PtCl(PEtBPh 1 with PF2NCS 
Reaction occurred at 220 K to yield two species containing a 
fluorophosphine group. The first of these, at 6 = -13.4 ppm in the ' 9F NMR 
spectrum, was identified as the same complex observed in the PtHX(PEt 3 ) 2 (X 
= Cl, Br, I) reactions (table 3.4-). The second species was observed as a wide 
doublet ('JFF = 1088 Hz) with "'Pt satellites (2JpF = 775 Hz) at 6 = -46.3 ppm 
in the ' 9F NMR spectrum. This species was observed in the 31 P NMR spectrum 
as a triplet ('JPF = 1088 Hz) of doublets (70 Hz) of triplets (approx 20 Hz) at 
o = +102 ppm. The signals for this species were, however, weak and 
consequently the corresponding PEt 3 resonances could not be identified. The 
31 P NMR spectrum also showed a large amount of metal starting material to 
be present as well as a significant amount of PF 3 . 
ROIN 
It would appear therefore that a similar complex to those observed in 
the analogous PF2NCO reactions has been formed. The presence of a large 
amount of PF3 suggests that some of the PF 2NCS has decomposed. This was 
a major problem in some of the work carried out by McManus when he 
reacted PF2X (X = CN, NCS, NCO) with fr(CO)H(PPh 3) 3 (see introduction - 
chapter 5). 
3.4.6 Reaction of PtBr(PEt 3 BPh1 with PF2NCS 
At 220 K, two species were observed in the ' 9F NMR spectrum, the 
first at 6 = -14.7 ppm, was identified as the same species as observed in the 
PtHBr(PEt3)2 reactions (table 3.4). The second species, present in only a very 
small amount, appeared as a wide doublet OFF = 1185 ppm ) with 195Pt 
satellites (2JPtF = 732 Hz) at 6 = -53.6 ppm in the ' 9F NMR spectrum. 
Unfortunately, no corresponding species could be distinguished in the 31 P 
NMR spectrum. Also present was a large amount of PF 3 . 
3.4.7 Reaction of PtI(PEt 3 BPh1 with PF2NCS 
Reaction occurred at 220 K to yield two species, the first of which at 
6 = -14.5 ppm in the 19F NMR spectrum was identified as the same species 
as observed in the PtHI(PEt 3)2 reactions (table 3.4).  The second species was 
observed as a doublet (1JVF = 1211 Hz) with ' 95Pt satellites (2JF = 696 Hz) at 
o = -54.9 ppm in the ' 9F NMR spectrum. This species could not be observed 
in the 31 P NMR spectrum, perhaps due to its very weak signal. As in the 
previous PF2NCS reactions, a large amount of PF 3 was present. 
MW 
3.4.8 Reaction of PtH(PEt)iBPh 1 with PF2NCS 
Reaction occurred at 220 K to yield one species appearing as a wide 
doublet ('JPF = 1332 Hz) of triplets (JPF = 28 Hz) with 195pt satellites (2J PW = 
417 Hz) at = -6.4 ppm in the ' 9F{ 'H) NMR spectrum. When proton 
coupling was retained no additional coupling was observed. The 31 P{ 'H) NMR 
spectrum showed several broad peaks including a weak unresolvable multiplet 
at ö = -2.4 ppm, similar to that observed in the analogous PF2NCO reaction. 
No fluorophosphine signals could be distinguished. 
3.4.9 Discussion 
The reactions of PtX(PEt3)3 BPh4 (X = Cl, Br or I) with PF2NCO yield 
similar species but with different NMR parameters confirming the presence of 
a halogen within the complex. The 19F and 31 P NMR spectra suggest the 
product to have the following structure. 
PEt3 
X - Pt - P'F2-Y-P"Z 
PEt3 
The upward trend in 1VF'  on moving from Cl to I, is not consistent with the 
halide being bound to the fluorophosphine group (see 3.2.7), therefore X must 
be the halide. 
When the reactions were repeated with PF 2NCS similar species 
appeared to be present, but with slightly different NMR parameters to those 
observed in the PF 2NCO reactions, indicating the presence of the pseudohalide 
M. 
fragment (or part of the pseudohalide) in the product. This could be the Y part 
of the complex. Although the above structure is consistent with the NMR 
spectral evidence, more work has to be done to identify the exact structure. 
It might be possible to isolate some of the complexes and grow crystals. This 
would only be feasible if the reactions were cleaner and produced these 
complexes in higher concentration. 
The 31 P NMR signals for some of the products in the PF 2NCS reactions 
could not be observed because a relatively large proportion of the PF 2NCS had 
decomposed to PF 3 from the time the ' 9F NMR spectra were recorded. This 
decomposition would seem to be largely confined to the PF2NCS reactions, but 
small amounts of PF3 were detected in some of the PF 2NCO reactions at 
higher temperatures. 
The reactions involving PtH(PEt 3 )3 BPh4 yield different products to 
those observed in the halide reactions, but still contain a PF 2  group coupling 





Table 3.6 ' 9F and M P NMR parameters for species 
	
PEt3 





Cl Br I H* 
oP /ppm +25.6 +21.6 +15.6 -1.6 
OP' /ppm +95.4 +92.6 +88.3 +93.3 
OP" /ppm +29.6 +28.3 +27.8 - 
JPF/Hz 1107 1113 1115 1197 
3J/HZ 8 8 9 nr 
2jPP, /HZ 24.5 23 22 70 
2J/Hz 71 70 67 - 
limp /Hz 2110 2108 2102 3226 
'J,./Hz 4816 5832 5631 6526 
68 70 69 - 
2J/Hz 766 764 739 no 
OF /ppm -37.6 -37.6 -37.8 no 
NMR parameters recorded at 220 K 
no = not observed 
nr = not resolved 
*This species does not have this structure 
Table 3.7 Available ' 9F and 31P NMR data for species 
observed in PF2NCS reaction 
PEt3 
X - Pt - F'F2-Y-P"Z 
PEt3 
Cl Br I 
öP'/ppm no no 
'J/Hz 1088 1185 1211 
2J,. /HZ (--20) no no 
2J.. /HZ 70 no no 
I Hz 775 732 696 
oF Ippm -46.3 -53.6 -54.9 
NMR parameters recorded at 220 K 
no = not resolved 
3.5 Reaction of cis-PtCl2(PEt 2 with PF2NCO 
Reaction occurred at 220 K to yield a species with identical NMR 
parameters to the one previously characterised in 3.3.1, the reaction of 
PtHC1(PEt3 )2 with PF2NCO, which was assigned the structure, 
PEt3 
Cl— Pt— PF2 
PEt3 
3.6 Reaction of Pt(PPh 3 with PF2(NCO or NCS' 
Reaction of PF2NCO with Pt(PPh3)3 occurred at 220 K to yield a 
species exhibiting a doublet (1440 Hz) of quartets (35 Hz) with one set of 
195pt satellites (558 Hz) at 8 = -9.8 ppm in the ' 9F{ 'H} NMR spectrum. The 
analogous reaction with PF.,NCS produced a similar doublet (1354 Hz) of 
quartets (28 Hz), but in both cases the 31P NMR spectra showed only broad 
peaks from which no useful information could be gleaned. 
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CHAPTER 4 
Reaction of PF 2X with M 2Cp2(CO)4 
X = NCO, NCS; M = Mo, W 
ull 
4.1 Introduction 
The reaction of various difluorophosphine reagents such as PF 2X (X = 
Cl, Br, I and H) with transition-metal dimers of the form M 2Cp2(CO)4 (M = 
Mo, W) have been studied extensively by McIntosh' . This work was based 
on a previous investigation by Curtis 2 into the reaction of halogens with these 
molybdenum and tungsten dimers. 
Curtis reported that reaction of 12  with Mo2Cp2(CO)4 at 208 K formed 
the species M02Cp2(CO)412 . This rearranged at 253 K to give 
M02Cp2(CO)4(.t 212): i.e. 
12 
/\ 
Cp(CO) 2Mo Mo(CO)2Cp -----------> Cp(CO) 2Mo - Mo(CO)2Cp 
I 




Cp(CO) 2Mo 	Mo(CO)2Cp 
I 




Cp(CO) 2Mo Mo(CO)2Cp -----------> Cp(CO) 2Mo 	Mo(CO)2Cp 
/ 
Cl2 	 Cl 
Similar observations were made by McIntosh with the reaction of PF 2X 
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(X = Cl, Br and I) and M 2Cp2(CO)4 (M = Mo, W). McIntosh reported that 
PF2C1 and PF2Br reacted with Mo 2Cp2(CO)4 and W2Cp2(CO)4 to form a series 
of complexes which contained a bridging PF 2 group with the halogen bonded 
to just one of the metal centres. i.e. 
PF2C1 	 PF, 
/\ 
	
Cp(CO) 2Mo Mo(CO)2Cp -----------> Cp(CO) 2Mo 	Mo(CO)2Cp 
Cl 
(1) 
However, reaction of PF2I with M2Cp2(CO)4 (M = Mo, W) went a stage 
further at higher temperatures. 
PF2I 	
/ 
Cp(CO) 2Mo Mo(CO)2Cp -----------> Cp(CO) 2Mo 	Mo(CO) 2Cp 
203 K 




The NMR spectra of the above products (1) and (2) showed them to 
contain magnetically inequivalent fluorine nuclei. Coupling was observed 
between the two fluorine nuclei in the ' 9F( 'H) NMR spectrum (2J = 4.5 Hz). 
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This can be explained by assuming the structure of Mo 2Cp2(CO)4(t2PF2)Cl to be 
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The C2 symmetry of this complex requires each of the fluorine nuclei to 
come into close contact with a different cyclopentadienyl group. Therefore, 
because only one of the metal centres is coordinated to a halogen, the metal 
centres (and thereby the cyclopentadienyl rings) are chemically inequivalent. The 
inequivalence of the cyclopentadienyl rings was confirmed by the 'H NMR 
spectrum. As a result, the fluorine nuclei become magnetically inequivalent and 
consequently separate resonances for each appear in the 19F NMR spectrum, 
showing a 2j  I;,, and a doublet ('Jp i :) of doublets ('Jim') signal appears in the 31 P 
NMR spectrum. In the M 2Cp2(C0)4Qi2PF2)X (X = halide) species the bridging 
31 P nuclei would have a characteristic resonance (observed as a doublet of 
doublets) in the range +350 to +430 ppm, whereas for the 
M2Cp2(CO)4(t2PF2)(12X) species the 31 P resonance (appearing as a triplet) would 
be found in the range +170 to +210 ppm. 
In this chapter the reactions of some difluorophosphine-pseudohal ides 
with Mo2Cp2(CO)4 and W2Cp2(CO)4 are discussed. 
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4.2 Reaction of M2 g2(CO 1 with PF2X: M = Mo. W. X = NCO. NCS 
4.2.1 Reaction of W 2 g2(CO) 1 with PF2NS 
The reaction of W 2Cp2(CO)4 with a two-fold excess of PF 2NCS was 
monitored by ' 9F and 31 P NMR spectroscopy at 240 K. The 31 P{'H} NMR 
spectrum showed several species to be present. The first of these, at high 
frequency, S = +377.3 ppm, was of quite weak intensity, but was clearly 
identifiable as a broad doublet of doublets. The magnitude of these couplings 
(1172 Hz and 1233 Hz) were consistent of them being pF.  Unfortunately, 
perhaps due to the low concentration of this complex, no corresponding 
species can be distinguished in the ' 917 NMR spectrum. 
The second species, observed at a much lower chemical shift, S = 
+140.3 ppm, in the 31P NMR spectrum, appears as a broad triplet, with the 
coupling (1156 Hz) being consistent for it to be pF'  One set of ' 83W satellites 
are observed Opw  = 570 Hz). A corresponding coupling appears in a doublet, 
at S = -8.7 ppm, observed in the ' 9F{ 'H) NMR spectrum. 
It is possible, with reference to similar reactions carried out by 
McIntosh using PF2X (X = Cl, Br, I), to suggest what these species could be. 
The first species showing phosphorus (with a characteristically high positive 
chemical shift) coupling to two magnetically inequivalent fluorine nuclei, is 





Y could be the pseudohalide fragment, NCS, as this would be consistent 
with the reactions carried out with PF 2X (X = Cl, Br, I). 
The second species appears to have equivalent fluorine nuclei on a 
fluorophosphine group. The chemical shift of this phosphorus is consistent 




where Y is also bridging. The work carried out with the 
fluorophosphinehalides would suggest that Y is the pseudohalide fragment 
This raises the question as to how the pseudohalide might be bound to the 
metal centres. There is the possibility that either the sdpr or the is 
bridging the two metal centres. 
Also present in the 31P NMR spectrum was some PF 3 and a species at 
= +148.0 ppm, observed as a doublet (1244 Hz) of quartets (900 Hz), i.e. 
phosphorus coupling to one unique and three magnetically equivalent nuclei. 
However, no corresponding species could be identified in the ' 9F NMR 
spectrum. 
No ' 83W satellites could be resolved for some of the signals. This, 
however, is not surprising as most of these species were present in quite small 
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concentrations and 183W satellites are characteristically only 8% of the intensity 
of the central 100% abundant nuclei. 
4.2.2 Reaction of Mo22(CO) 1 with PF2NCS 
The 31 P NMR spectrum of the reaction of M0 2Cp2(CO)4 with a two-fold 
excess of PF2NCS showed two major species to be present. The first of these 
at a high chemical shift, ö = +412.9 ppm, appearing as a broad doublet of 
doublets (1JPF 1204 Hz and 1244 Hz). This species was present in a very low 
concentration. The second species, at 5 = +186.2 ppm, was observed as a 
broad triplet ('JPF = 1192 Hz). 
It was not possible to observe the low temperature ' 9F NMR spectrum 
for this reaction due to a mechanical fault. One recorded at room temperature 
shows only a large amount of PF 3 to be present. 
We appear to have similar complexes to those observed in the 
W 2Cp2(CO)4 reaction, but with slightly differing NMR parameters. 
4.2.3 Reaction of W22(CO) 1 with PF2NCO 
Several species were observed in the 31 P{ 1 H} NMR spectrum (fig.15) 
at 240 K. At high frequency, 5 = +378.4 ppm, a weak doublet of doublets 
( 1 JPF = 1160 and 1228 Hz) signal was observed. At low chemical shift a broad 
triplet ('JPF = 1151 Hz) with 183W satellites ('J = 568 Hz) was observed at 
o = + 143.1 ppm. This coupling was also observed in a doublet appearing at 
0 = -7.0 ppm in the 19F{ 1 H} NMR spectrum. A second triplet ('JPF = 1156 Hz) 

















FIGURE 15 31 P{ 'H} NMR spectrum for W,Cp 2(CO)4 / PF,NCO 
220 K 
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very close to the first at 5 = +144.4 ppm, at approximately half the intensity 
of the first triplet. 
We therefore have similar complexes to those observed in the 
analogous reaction with PF 2NCS but with slightly different NMR parameters, 
indicating the presence of the pseudohalide fragment within the complex. The 
additional symmetrically bridged species may result from a different bonding 
to the pseudohalide fragment in the complex. 
4.2.4 Reaction of Mo22(CO) 1 with PF2NCO 
Reaction occurred at 240 K to yield two major species. The first of 
these appearing as a doublet of doublets ('JPF = 1172 Hz and 1245 Hz) at 
= +414.8 ppm, in the 31P('H} NMR spectrum. The second species was 
observed as a broad triplet ('JPF=  1189 Hz) appearing at ö = +191.5 ppm 
in the 31 P{ 'H) NMR spectrum. A corresponding coupling is observed in a 
doublet appearing at 8 = -1.2 ppm in the 19F NMR spectrum. As in the 
W2Cp2(CO)4 reaction a second, smaller triplet ('JPF = 1189 Hz) is observed in 
the 31 P NMR spectrum, very close to the first at 8 = +191.8 ppm. 
These are similar species to those observed in the previous reactions but 
with slightly different NMR parameters reflecting the change in pseudohalide. 
4.3 Discussion 
It is a characteristic of all these reactions that two major species are 
formed in each. The first of these appears at quite high chemical shift, at 
around -i-400 ppm in the 31 P{ 'H) NMR spectrum. This species is observed as 
a doublet of doublets i.e. phosphorus coupling to two magnetically 
inequivalent fluorine nuclei. Although a complete analysis for these species 
was not obtained it is possible to suggest likely complexes by considering the 
results of analogous reactions by McIntosh using PF 2X (X = Cl, Br, I). 
The observed phosphorus chemical shifts (tables 4.1 and 4.2) are 
consistent for a PF2 bridging bimetallic species with a terminal group, Y, 
bound to one of the metals, making them magnetically inequivalent (for the 





Assuming a similar reaction scheme as for the fluorophosphine-
pseudohalide reactions would suggest that the group Y is the pseudohalide. 
This idea is supported by the fact that similar complexes are observed with 
slightly changed NMR parameters when different fluorophosphinepseudohalide 
reagents are used. 
Me 
The main species observed in these reactions is, however, one which 
exhibits a triplet resonance at a much lower shift in the 31P NMR spectrum. 
The triplet splitting indicates the fluorine nuclei are magnetically equivalent. 
The chemical shifts observed for these species are consistent for a doubly 








Again, similar complexes with slightly different NMR parameters are 
observed when different pseudohalide reagents are used, suggesting that Y is 
the pseudohalide fragment. This would be consistent with the results obtained 
by McIntosh. 
In the reactions involving PF 2NCO a second, lower intensity species is 
observed, which has almost identical NMR parameters. It is possible that these 
two species result from different bonding of the NCO fragment to the metals, 
either through the carbon or the nitrogen, i.e. 
PF2 













The two isomers are not present in equal amounts which suggests 
there is one preferred conformation. Only one such species can be 
distinguished in each of the PF 2NCS reactions. This may, however, be due to 
inadequate resolution of the NMR spectra 
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Table 4.1 P and ' 9F NMR data for W22(C0) 1(E2)i 
and W2 2(CO)1(p2E2).Ljj2fl 
Y oP/ppm 1JPF /Hz 'J 	/Hz 
2J, /HZ OF/ppm 
ter-NCS +377.3 1172 nr 
1223  
no no 
p 2-NCS +140.3 1156 570 - -8.7 
ter-NCO +378.4 1160 
1228 











ter = terminal 
11 2 = bridging 
Table 4.2 31P and ' 9F NMR data for Mo22(CO) 1 (.i 2)X 
and Mo22(CO 1 (.i 2 E21Ui2 X1 
Y OP/ppm 'JPF /Hz 2JFF /Hz OF/ppm 
ter-NCS +412.9 1204 
1244  
no no 
p 2-NCS +186.2 1192 - no 








ter = terminal 	 no = not observed 
V2 = bridging nr = not resolved 
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CHAPTER 5 
Reaction of some iridium complexes 
with PF2NCO and PF2NCS 
104 
5.1 Introduction 
Previous related work has been carried out by McManus 1 .5 and Page2 . 
McManus reacted various iridium (I) and (III) complexes with a variety of 
fluorophosphine reagents, including an investigation into the reaction of PF 2H 
with Ir(CO)X(PEt 3)2 (X = Cl, Br, I) e.g. 
Co 
Et3P 
HPF2 	+ Ir(CO)I(PEt3)2 ----------- > 	 Ir - PF2H 
Et3P 	I 
I 
This structure was postulated from the NMR spectral evidence. The 
magnitude of JPHand  JFH could only be explained by the presence of a HPF 2 
group bound to iridium. The ' 9F and 31 P NMR spectra showed the PEt3 groups 
to be magnetically equivalent and analogous reactions of 
aminodifluorophosphines indicated that loss of either CO or I was unlikely 
under the reaction conditions. 
McManus suggested that this complex could have either trigonal 
bipyramidal (as shown) or square pyramidal configuration. It is also possible 
that the complex might be fluxional and that a rapid equilibrium existed• 
between the two configurations. Investigations into the structure of donor 
adducts of Vaska's compound have shown that either configuration is 
possible. 3 ' 4 
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At higher temperatures, this complex decomposed as another formed. 
This new species was identified as a six coordinate, octahedral iridium (Ill) 
complex, which contained a terminal PF 2 group. 
PF2 
___ 	PEt3 
I 	Jr H 
Et3P I 
Co 
This complex was characterised by its ' 9F, 31 P and 'H NMR spectra 
which showed the chemical shift of the PF 2 phosphorus (P') to have moved to 
very high frequency (+376 ppm) suggesting it to be three coordinate. The 
magnitude of 2J, indicated the PEt 3 groups and the PF2 group to be mutually 
cis. A proton coupled 31P NMR spectrum showed a metal bound hydride (with 
characteristic high kchemical  shift) to be present in a position cis to the 
phosphorus nuclei. 
Similar complexes were observed with the reaction of PF,X (X = Cl, 













five coordinate Jr (I) 	six coordinate Jr (III) 
donor adduct 	 oxidative addition 
product 
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Additional five-coordinate complexes were formed resulting from 
halogen exchange reactions between fr(CO)Cl(PEt 3)2 and PF2)(. (XCk,r,I) 
for which an equilibrium existed. 
Ir(CO)Y(PEt 3)2 + PF2X 	----------- — fr(CO)X(PEt3)2 	+ PF2Y 
PF2Y and PF2X could then react with either fr(CO)Y(PEt 3)2 or 
fr(CO)X(PEt 3 )2 . 
Some reactions of PF2X (X = CN, NCS, NCO and NCSe) with 
fr(CO)H(PPh 3) 3 have been studied by Page. The reactions of this iridium 
complex with PF2X (X = CN, NCS, NCO), however proved to be 
disappointing in that no fluorophosphine complexes were observed with the 
difluorophosphinepseudohalide decomposing to PF 3. This reacted with the 
fr(CO)H(PPh 3)3 to give five coordinate fr(CO)H(PPh 3)2(PF3). However, when 
the reaction was performed with PF 2NCSe, two new complexes were observed 
at quite low temperatures (183 K). These complexes showed very high 
frequency triplet of triplets resonances in the 31P{ 'H) NMR spectrum, 
indicating that they each contained a terminal PF 2 group. The complexes were 














Ph3P 	fr PPh3 
oc-___ 
H 
As the temperature was increased the intensity of the signals resulting 
from these species diminished as a new species appeared at much lower 
frequency in the 31 P{ 'H) NMR spectrum in the part of the spectrum associated 
with four coordinate fluorophosphine groups. 
This new species was assigned the following structure on the basis of 
its ' 9F, 31 P and 'H NMR spectral parameters. 
C 
I 	PF2Se 




Page suggested that the shift of the selenium atom occurred via an 
intrmolecular mechanism, for which he proposed the following intermediates. 
F 
	
Ph3p 	Ir 	PPh3  
0C 	I 
or 
C N  - - Se 
I F—P F 
Ph3P 	Ir 	PPh3  
oc 
H 
5.2 Reaction of Ir(CO)Cl(PR 2 with PF2Y (R = Me. Et: Y = NCO. NCS) 
5.2.1 Reaction of b(CO)Cl(PEt 2 with PF2NCO 
The ' 9F and 31 P NMR spectra for this reaction were recorded at 220 K. 
At this temperature only one species containing a fluorophosphine group was 
observed in the 31P NMR spectrum (fig. 16) at ö = +93.3 ppm as a wide triplet 
OFF = 1247 Hz) of narrow triplets (38 Hz). This narrower coupling was also 
observed in a doublet at ö = +5.4 ppm, in the part of the spectrum 
characteristic of PEt 3 groups and was therefore ascribed to 2J,. The ' 9F NMR 
spectrum (fig.17) showed a species, at ö = -20.7 ppm, appearing as a wide 
doublet OFF)  of triplets (presumably 
3j 
PF 8 Hz). 
We therefore have a PF 2 group coupling to two magnetically equivalent 
PEt3 groups. The chemical shift of the IF 2 indicates the phosphorus to be four-













FIGURE 17 ' 9F NMR spectrum for Ir(CO)C1(PEt 3 ) 2 / PF2NCO 
220 K 
111 
This suggests we have formed a five-coordinate donor adduct. i.e. 
Co 
Et3P 	I 
Ir — PF,Y 
Et3P 	I - 
Cl 
This would be consistent with previous reactions involving 
fluorophosphine halides. 
A second species, present in a low concentration, appeared at 5= -13.3 
ppm as a wide doublet ('pF = 1378 Hz). No finer coupling could be resolved. 
This species was not observed in the 31 P NMR spectrum. 
5.2.2 Reaction of b(CO)Cl(PEt 2 with PF2NCS 
Reaction occurred at 220 K to yield one major species observed in the 
31P NMR spectrum, at 8 = +84.5 ppm, as a wide quartet OFF = 1378 Hz) of 
narrow triplets (2J = 44 Hz) and at ö = +5.1 ppm, as a narrow doublet ( 2J.). 
A wide doublet with the same 'JP'F  was observed in the 19F NMR spectrum at 
= -13.3 ppm. These peaks were broad but no finer coupling could be 
distinguished. 
This species appears to be the same complex as that observed in the 
PF2NCO reaction. The quartet observed in the 31P NMR spectrum is 
characteristic of a metal-bound PF 3 group. From this it is apparent that most 
of the PF2NCS has decomposed to PF 3 which has then gone on to react with 








A second, minor species, was observed in the ' 9F NMR spectrum at ö 
= -5.2 ppm, as a doublet (1JVF = 1247 Hz) of triplets (3j PF = 7 Hz). No 
corresponding species could be identified in the 31P NMR spectrum. This is 
probably the PF 2NCS complex. 
5.2.3 Reaction of Ir(CO)Cl(PMe) 2 with PF2NCO 
Reaction occurred at 220 K to yield a species observed as a wide triplet 
( tJPF = 1214 Hz) of triplets = 35 Hz) at 8 = +90.4 ppm in the 31P NMR 
spectrum and as a doublet (2J,.) in the part of the spectrum characteristic of 
Me3 groups. The ' 9F NMR spectrum was not observed for this complex. 
We therefore have a similar species to those previously observed but 
with slightly differing NMR parameters, resulting from more basic phosphine 
groups. 
5.2.4 Reaction of b(CO'Cl(PMewith PF 2NCS 
Only one major species was observed in the 31 P NMR, appearing as a 
wide quartet ('vF = 1367 Hz) of triplets (2J = 45 Hz) at 5 = +85.1 ppm. No 
corresponding PMe3 resonance could be distinguished. A wide doublet OFF) 
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was observed in the ' 9F NMR spectrum at ö = -17.1 ppm. 
This suggests a similar species to that observed in 5.2.2, where all the 
PF2NCS had decomposed to PF3, which then went on to react with the metal 
complex. 
5.2.5 Discussion 
The reaction of PF2(NCO or NCS) with fr(CO)Cl(PR 3 )2 (R = Me, Et) 






The assignment of this complex is based on a number of factors. 
The magnitude of 2j pp. is not consistent with a six-coordinate iridium 
complex. In the complexes characterised by McManus, 2J for five-coordinate 
iridium complexes was typically 30 to 45 Hz, whereas for six-coordinate 
complexes 2J was much lower, at 8 to 18 Hz. Also, previous work' has 
shown loss of either CO or Cl to be unlikely. Finally, the F 2 chemical shift 
indicates the phosphorus to be four-coordinate. All the six-coordinate 
complexes characterised in the analogous fluorophosphinehalide reactions 
contained three-coordinate terminal PF 2 groups. 
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Unfortunately, in the PF 2(NCO or NCS) reactions it has not been 
possible to determine beyond doubt the exact nature of Y on the 
fluorophosphine group, although it is most likely to be the pseudohalide. If 
any exchange reactions were taking place between PF 2Y and the 
fr(CO)C1(PR 3)2 then more than one product would be observed for each 
reaction, which is not the case. 
Details of NMR parameters for the observed species are given in table 5.1. 
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P' /ppm +90.4 - +85.1 +93.3 no +84.5 
P /ppm -44.0 - nr +5.4 no +5.1 
'J.1./Hz 1214 - 1367 1258 1247 1378 
2J 1,. /Hz 35 - 45 38 no 44 
JPF IHZ no - nr 8 7 nr 
F Ippm no - -17.1 -20.7 -5.2 -13.3 
NMR parameters at 220 K 
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5.3.1 Reaction of Ir 2 12Lll141 with PFSO and PF2NCS 
The ' 9F and 31 P NMR spectra were recorded at 220 K. Unfortunately, 
for both reactions the ' 9F spectra were complex with several signals lying on 
top of one another. However, it was possible to distinguish some couplings 
which appear to be FF  The ' 9F NMR spectrum for the PF 2NCO reaction 
showed a wide doublet ('JPF = 1167 Hz) of triplets (25 Hz) at 8 = -19.1 ppm 
as well as a doublet ('JVF = 1141 Hz) of triplets (25 Hz) at ö = -23.3 ppm. No 
other useful information could be gleaned from this spectrum. The 31 P NMR 
spectrum showed several sets of very complex multiplets centred about 
+95 ppm (approx.). these were separated by roughly the same FF  couplings 
observed in the ' 9F NMR spectrum. 
The PF2NCS reaction gave similar results. The ' 9F NMR spectrum 
(fig. 18) showed a doublet (1JFF = 1261 Hz) of triplets (25 Hz) at 6 = -17.4 
ppm and a doublet ('JPF = 1160 Hz) of triplets (25 Hz) at = -22.4 ppm. No 
other signals could be separated. 
The 31 P NMR spectrum gave similar results as the PF 2NCO reaction, 
with complex multiplets centred at about (approx) +95 ppm. 
It is difficult to identify this product because of the lack of useful 31 P 
NMR information, although it is clear that there is more than just a single PF 2 
group in the product as a species appearing as a doublet of triplets (in the ' 9F 






FIGURE 18 ' 9F NMR spectrum for Ir 2C1 2(C8H 14 ) 2 / PF,NCS 
220 K 
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The spectra were re-run at higher temperatures in the hope that more 
informative spectra could be obtained. However, above 250 K, all the signals 
for both reactions were lost due to formation of a solid in the NMR tubes. 
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Some conclusions and 
further work 
121 
Arsenic trifluoride reacts rapidly with PtHX(PEt 3)2 (X = Cl, Br, I) to 
give a series of AsF2 bridging bimetallic complexes. This is similar to the 
reaction of difluorophosphine halides, which react with PtHX(PEt 3)2 (X = Cl, 
Br, I) to form a series of bimetallic complexes containing a PF 2 bridge. AsF3 
also produces square-planar platinum complexes which contain a terminal 
arsenic group similar to the terminal difluorophosphine groups formed with 
PF2Y (Y = Cl, Br, I). One difference is the stability of these complexes at 
normal temperatures. In the reactions involving PF 2Y (Y = Cl, Br, I) the only 
complex present in abundance at room temperature was the PF 2 bridged 
binuclear platinum species. This is in contrast with the AsF 3 reaction where 
the opposite appears to be true. 
This suggests that AsF 3 has less of a propensity to form bridging 
complexes with platinum than difluorophosphine halides and that perhaps the 
terminal arsenic complexes are more thermodynamically stable. 
It would be useful to repeat these reactions in a solvent with a lower 
melting point to try and observe low-temperature intermediate species. 
No attempt has been made to try and isolate any of the observed 
complexes, mainly because none of the reactions studied were sufficiently 
"clean" to produce any one complex in a high concentration. 
In the course of this work, some reactions of AsF 3 with Vaska's 
compound (containing different phosphine such as PMe 31  PEt3 and PPh3) were 
studied. Unfortunately, although reaction was observed to occur, it was not 
possible to obtain consistent and repeatable results and consequently this work 
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has been omitted from this Thesis. However, in some of the reactions, species 
were observed which appeared to contain a metal-bound fluorine and an AsF 2 
group, suggesting an oxidative reaction to have occurred. Further work could 
include a more careful study of these systems to try and identify the products 
formed. 
The difluorophosphine pseudohalides studied appear, on the whole, to 
behave in a similar manner as the difluorophosphine halide reagents. An 
exception to this was their reaction with PtHX(PEt 3)2 (X = Cl, Br, I) where no 
analogous PF2 bridged species containing a pseudohalide fragment was 
observed. Some PF2 bridged species identical to those characterised by 
Whitelock were observed at higher temperatures but they are not believed to 
derive from any pseudohalide precursor. The reaction of PF 2Y (Y = NCO, 
NCS) with PtX(PEt3)3 BPh4 (X = Cl, Br, I) also requires further study to try 
and characterise the unusual complex formed as the product. It may be 
possible to isolate this complex as it is present at room temperature in a 
reasonable concentration. 
In many of the PF2Y (Y = NCO, NCS) reactions, the difluorophosphine 
pseudohalide was observed to decompose to PF 3 which sometimes went on to 
react with the metal substrates. Consequently, it was not possible to observe 
the pseudohalide complexes in some of the reactions. 
The reaction of PF2Y (Y = NCO, NCS) with fr(CO)Cl(PR 3)2 (R = Me, 
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Et) and with M2Cp2(CO)4 (M = Mo, W) were entirely consistent with those of 
PF2Y (Y = Cl, Br, I) with analogous complexes formed as products. 
Further work should include an attempt to isolate the products 
observed in these reactions and perhaps grow crystals in order to obtain their 





6.1 Techniques and instruments 
In the synthesis of the volatile reagents, standard pyrex glass high-
vacuum apparatus was used. The joints were sealed using 'Apeizon' 'L' grease 
and the taps were lubricated with 'Apeizon' 'N' grease. 
The purity of the volatile reagents was checked, in the first instance, by 
infra-red spectroscopy and then by recording the ' 9F NMR spectrum of an 
NMR tube containing a 0.1 mmol sample of the volatile reagent in CD 2C12 . 
All the reactions described in this thesis were monitored by variable-
temperature Nuclear Magnetic Resonance Spectroscopy. The 31 P NMR spectra 
were recorded on a Brucker WP200 spectrometer and the ' 9F and 'H NMR 
spectra on a Brucker WP80 spectrometer. Both of these machines had the 
facility to run low-temperature NMR. 
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6.2 The NMR experiment 
Typically in the NMR experiment, the metal substrate (0.1 mmole) was 
weighed into a specially prepared glass pyrex 5 mm NMR tube. This tube 
would be extended, by about 10 cm, with ordinary 5 mm pyrex glass tubing 
(to facilitate sealing) with a standard B 10 cone glass-blown onto the end. This 
could then be attached directly onto the high-vacuum apparatus and pumped 
for about 15 mm, to allow the solid to dry completely. The solvent, CD 2C12 
(0.5 cm3), was then condensed into the tube, using liquid nitrogen. The solvent 
was a mixture of pure CD 2C12 (60%) and CH2C12 (40%) dried over a zeolite 
molecular sieve (size 4A). The tube was then allowed to warm gently (from 
the top) and tapped to help the solid to dissolve completely. The tube was then 
frozen again with liquid nitrogen, and the required amount of volatile reagent 
condensed into the tube. For most of the reactions, this would be 0.1 mmole. 
Finally, the tube (still frozen) would be sealed and stored at 77 K (liquid 
nitrogen) until it was inserted into the pre-cooled probe of the NMR 
spectrometer. 
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6.3 Preparation of volatile reagents 
6.3.1 Preparation of fluorophospine starting materials 
The difluorophosphinepseudohalides, PF2NCO and PF2NCS, were 
prepared from PF 2Br, which in turn was made from 
dimethylaminodifluorophosphine, PF 2NMe2 . 
(a) Preparation of PF 2NMe2 ' 
The first step in the preparation of PF 2NMe2 was to prepare some 
PC12NMe2, by reacting PC13 with HNMe2 . 
Phosphorus trichioride (170 ml) was placed in a 2-1, 3-neck flask 
flushed with a constant stream of dry nitrogen. The flask was partially 
immersed in a dry-ice isopropyl-alcohol bath and fitted with two condensers 
(containing dry-ice and isopropyl-alcohol) and a mechanical stirrer. The 
HNMe2  was blown into the system by the nitrogen stream where it liquified 
on the condensers, dripping into the reaction mixture. Finely divided 
dimethylammonium chloride precipitates out immediately. 
The addition of HNMe2 takes about 3 hours to complete, after which 
the crude PC12NMe2, was distilled off. A further distillation was carried out, 
this time only collecting the fraction boiling at 1490-151 0C, which was the 
pure product, PC1 2NMe2 . 
The PC12NMe2 was fluorinated by adding it dropwise to a slurry of NaF 
(70 g) in 300 ml of tetramethylene sulfone, under an atmosphere of dry 
nitrogen. The mixture was then heated to 500-600C for one hour with a 
condenser attached. The product was collected in a trap at -78'C and purified 
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by passing it through traps at -45°C, -78°C and -196°C and then through traps 
at -64°C, -96°C and -196°C, with the -96°C fraction being the pure product, 
PF2NMe2 . 
(b) Preparation of PF 2 x' 
Hydrogen bromide (20 mmole) was measured on a vacuum line and 
frozen into a dry 2-1 flask fitted with a cold finger and a teflon tap. Then 
PF2NMe2 (40 mmole) was frozen down on top of this. The mixture was 
allowed to warm gently to room temperature. This process of freezing down 
and warming gently was repeated several times to increase the yield. The 
product was purified by passing it through traps held at -112 °C, -160°C and - 
1960C. The pure PF2Br product was retained in the -160 °C trap. A little PF3 
was formed during the course of the reaction and this passed through to the - 
196°C trap together with any excess HBr. 
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(c) Preparation of PF 2NCO (and PF2NCS)2 
Freshly prepared AgNCO (or AgNCS), formed from the reaction of 
AgNO3 with KNCO (or KNCS), was placed into the cold finger of a 2-1 flask. 
This was pumped on a vacuum line for 24 hours to completely remove any 
water. Then PF2Br (5 mmole) was frozen on top of the dry AgNCO and the 
mixture allowed to warm gently to room temperature. The flask was refrozen 
and warmed several times to increase the yield. The pure product was obtained 
by passing it through traps held at -65°C, -78°C and -196°C. The pure product, 
PF2NCO (or PF2NCS) was retained in the -78 °C trap. 
6.3.2 Arsenic trifluoride 
The AsF3 was kindly supplied by Dr S.G.D. Henderson. 
AsF3 was prepared by the distiiJation of a mixture of arsenic (III) oxide, 
calcium fluoride and sulfuric acid. An explanation of the procedure employed 
can be found in Inorganic Syntheses' 
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6.4 Preparation of metal substrates 
Preparation of cis-PtCl 2(PEt)33 
The cis and trans isomers are made by reacting K 2PtC14 with excess 
PEt3 . 
K2PtC14 (2.0 g) was dissolved in water (20 ml) and triethyiphosphine 
(1.4 g) was added. This mixture was left stirring for one hour during which 
time a pink/brown solid formed. This mixture was then heated on a boiling 
water bath for 1/2 hour. After allowing to cool to room temperature the 
solid obtained was filtered off and dried with the suction pump. The trans 
isomer was removed by washing the solid with ether. The remaining dirty-
white solid (the impure cis isomer) was purified by dissolving it in CH 2C121  
heating gently, then adding activated charcoal. This was then filtered through 
Celite to give an almost colourless solution, which was then vacuumed down 
to a solid on a schlenk line. The purified solid was white and quite fine. 
Preparation of trans-PtHCl(PEt 24 
Cis-PtC12(PEt3) 2 (1.0 g) was suspended in water (15 ml), in a 50 ml 
quick- fit round-bottomed flask, fitted with a condenser and placed on a water 
bath. Hydrazine hydrate (0.2 ml) dissolved in 10 ml water was added slowly. 
The mixture was then refluxed for one hour during which time N 2 was evolved 
and an oily layer formed in the flask. On cooling, this layer gave a 
yellow/white solid which was the impure product. This was purified by 
washing it through a column of activated charcoal using methylene chloride. 
131 
The washings were vacuumed down to a solid on a schlenk line to give the 
nearly pure product. This solid was finally recrystallised from methanol to 
give fine white needle-like crystals. 
Preparation of trans-PtHX(PEt 13 )2 X = Br. I 
These complexes were obtained by simple metathesis of t-
PtHC1(PEt3)2 using LiBr and Nal. 
Typically t-PtC1(PEt3 )2 (0.5 g) was dissolved in acetone (20 ml) and 
a solution of the alkali metal salt was added. A ten-fold excess of LiBr or Nal 
was necessary to ensure almost 100% halogen exchange. The mixture was left 
to stir for about 15 mins, after which time the acetone was removed (on a 
schlenk line) and the resultant solid washed with methylene chloride to remove 
any remaining alkali metal salts. The product could then be collected and 
recrystallised from methanol. In the bromide case this gave pale yellow 
needle-like crystals and for the iodide reaction yellow/orange ones. 
Preparation of PtH(PEtI BPh 1I 
Equimolar amounts of PtHC1(PEt 3)2 , NaBPh4 and PEt3 were dissolved 
in methanol (25 ml). This mixture was stirred for 15 mins, during which time 
a white precipitate formed. This was filtered off and dried. The product was 
then exfro.dec. with acetone several times to remove any NaCl. The washings 
were vacuumed down to about 5 ml and the product recrystallised by adding 
ether. 
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Preparation of PtX(PEt 	BPh1 : X = Cl. Br, I 
The method employed here was exactly similar as that used for the 
preparation of the hydride complex, except that cis-PtC1 2(PEt3)2 was used as 
the starting material. The bromide and iodide complexes were prepared by 
carrying out halogen-exchange reactions on the chloride cation using LiBr and 
Nal (as in section 6.4(c)). 
Preparation of PtXiPr 1N: X = Br. I 
The bromide and iodide complexes were prepared by halogen 
metathesis of the chloride complex, PtC1 3PEt3 Pr4N, using LiBr and Nal, in 
much the same manner as employed in 6.4(c). 
The PtC13PEt3 'Pr4N was kindly supplied by Dr S.G.D. Henderson. 
Preparation of Pt(PPhl 35 
Triphenylphosphine (1.47 g) was dissolved in absolute ethanol (20 ml) 
at 65°C, after which a solution of KOH (0.134 g) in a mixture of ethanol (3 
ml) and water (0.76 ml) was added. Then a solution of K2PtC14 (0.5 g) 
dissolved in water (5 ml) was added slowly to the alkaline triphenylphosphine 
solution at 650C over a period of 20 mins. After cooling, the pale-yellow solid, 
Pt(PPh3)
41 
 was recovered by filtration, washed with warm ethanol (150 ml), 
then cold water (60 ml) and then again with ethanol. The pale-yellow solid 
was then dried in-vacuo for two hours. 
The solid was then transferred to a 20 ml Schlenk tube, flushed 
continuously with dry N2. The tube was connected to a vacuum line through 
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a liquid nitrogen U-trap. The flask was heated at 50-60 °C at reduced pressure 
for six hours, during which time an orange/red viscous oil formed. On cooling 
this gave the product, Pt(PPh 3) 3 , as a fine orange powder. 
Preparation of(  C5ff 2M2(CO)1: M = M0 2 W 6  
(C5H5)2M2(CO)6 was prepared by refluxing equimolar amounts of 
M(CO)6 and Na(C5H5 ) in diglyme for two hours at 180°C. This product was 
then purified by dissolving the solid in methylene chloride and filtering 
through Celite. Hexan:e was added to the filtrate and the methylene chloride 
solvent was vacuumed off on a schienk line to give the first stage product, 
(C5H5 )2M2(CO)6, as deep-red crystals. 
(C5H5 )2M2(CO)4 was prepared by refluxing (C 5H5)2M2(CO)6 (5 g) in 
dried diglyme (50 ml) at 180°C. The system was continuously flushed with a 
slow stream of dry nitrogen to carry away the carbon monoxide evolved. After 
refluxing for three hours the products were removed by hot filtration through 
a glass frit. Red-brown crystals were obtained by adding hexane to the cooled 
(down to -20°C) filtrate. 
Preparation of [frCl(C 8H1 2127 
Ammonium hexachioroiridate (III), frCl 6(NH4)3 (1.0 g), was placed in 
a 250 ml, 3-neck round-bottomed flask, fitted with a N 2 inlet and a reflux 
condenser. To this was added an oxygen-free mixture of 2-propanol (30 ml) 
and water (90 ml). Then under a slow stream of dry N 2 and with vigorous 
stirring cyclooctene (2 ml) was added slowly. The mixture was refluxed on 
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a water bath for 45 mins. After cooling, the mixture was decanted and the 
orange oil remaining in the flask was allowed to crystallise under ethanol at 
0°C. The yellow crystals were collected on a filter, washed with cold ethanol, 
dried under vacuum and stored under N 2 at room temperature. The yield was 
78 %. 
Preparation of fr(CO)Cl(PEt 28 
[frCl(C 8H 14)2
] 2 
 (0.9 g) was stirred in de-gassed acetone (10 ml), under 
a constant stream of dry N 2. Carbon monoxide was then bubbled at a slow rate 
through the orange slurry for four mins, during which time it turned a deep 
blue. A solution of triethyiphosphihe (0.6 ml) in acetone (10 ml) was de-
gassed and added slowly to this deep blue slurry with vigorous stirring to 
yield a yellow solution. The solvent was pumped off and the product 
maintained at 80°C while pumping for 90 mins. The product was sublimed at 
120°C in vacuum to give yellow crystals which could be handled for short 
periods in air. 
Preparation of fr(CO'Cl(PMe1 2 
fr(CO)Cl(PMe3)2 was made from fr(CO)Cl(PPh 3)2 which in turn was 
prepared from JrCl 6(NH4)3 . 
frCl6(NH4)3 (1.5 g) was dissolved in water (30 ml) and placed in a 500 
ml two-necked round-bottomed flask. To this was added diethylene glycol 
(300 ml) and triethylphosphine (10 g). The apparatus was set up for distillation 
and fitted with a N 2 inlet. Under a steady stream of N 21  the water was distilled 
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off in about 30 mins,during which time there was a gradual increase in the 
reaction temperature. After the solution had turned dark-brown, the apparatus 
was set up for reflux. Then after two hours of refluxing the flask was allowed 
to cool to 50°-700C over a period of about two hours, during which time 
yellow-green crystals of Ir(CO)C1(PPh 3) 2 formed. These were removed and 
washed with hot ethanol and dried under vacuum. 
To prepare Ir(CO)Cl(PMe 3 )2 , a flask containing Ir(CO)C1(PPh 3)2 (1.0 g) 
suspended in benzene (20 ml) and fitted with a magnetic stirrer was attached 
to a vacuum line and frozen in liquid N 2. The flask was then evacuated and 
trimethyiphosphine (0.5 g) was condensed into the flask. The flask was then 
allowed to warm to room temperature whilst stirring. The solid formed was 
then filtered off and washed with benzene The pure product, fr(CO)Cl(PMe 3 )
21 
 
was then dried in vacuum. The yield from the frCl 6(NH4)3 starting material 
was 68 %. 
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